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Figure 6A 
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FIGURE 8A 
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FIGURE 11A 
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LONG LASTING DRUG FORMULATIONS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. Ser. No. 
13/346,761, filed on Jan. 10, 2012 (and entitled LONG 
LASTING DRUG FORMULATIONS), which is a Continu 
ation in Part of U.S. application Ser. No. 13/160,632 filed Jun. 
15, 2011, which claims priority from U.S. Provisional Appli 
cation Ser. No. 61/355,029 filed Jun. 15, 2010 and U.S. Pro 
visional Application Ser. No. 61/414,921 filed Nov. 18, 2010; 
which is a Continuation in Part application of U.S. application 
Ser. No. 1 1/898.481, filed Sep. 12, 2007, which claims prior 
ity from U.S. Provisional Application Ser. No. 60/844.351, 
filed Sep. 14, 2006; all of which are hereby incorporated by 
reference in their entirety. 

FIELD OF THE INVENTION 

0002 This invention is directed to long-lasting therapeutic 
formulations comprising a genetically modified micro-organ 
comprising a vector comprising a nucleic acid sequence 
encoding a therapeutic polypeptide, Such as erythropoietin, 
operably linked to one or more regulatory sequences and their 
methods of use. 

BACKGROUND OF THE INVENTION 

0003. Therapeutic agents can be delivered orally, transder 
mally, by inhalation, by injection or by depot with slow 
release. However, the method of delivery is limited by the 
processing that the agent is Subjected to in the recipient, by 
the requirement for frequent administration, and limitations 
on the size of molecules that can be utilized. For some of the 
methods, the amount of therapeutic agent varies between 
administrations. 
0004 Protein production techniques which involve the 
Sub-cloning of a desired nucleic acid sequence/fragment into 
a vector which is Subsequently used for modifying specific 
host cells, which are meant to produce the desired protein for 
further purification steps are limited in the amount of protein 
expressed, protein secretion, post-translational modifications 
(such as glycosylation and the accurate folding of the pro 
tein), etc. Moreover, even if a high-level of protein production 
could beachieved, large quantities of the recombinant protein 
must then be produced and purified to be free of contami 
nants. Development of a purification scheme is a very lengthy 
process. And once purified recombinant protein has been 
obtained, it must be further formulated to render it stable and 
acceptable for introduction into animals or humans. Further 
more, even formulated, purified recombinant proteins have a 
finite shelf life due to maintenance and storage limitations; 
often requiring repeated purification and formulation of more 
protein. The process of developing an appropriate formula 
tion is time consuming, difficult, and costly, as well. 
0005 Thus, there is a widely recognized need for long 
lasting protein-based therapeutic molecules that have the req 
uisite post-translational modifications to preserve their bio 
logical activity, which are produced inexpensively and 
quickly without the need for the laborious and costly methods 
typically associated with obtaining high-levels of recombi 
nant proteins. 
0006. Some researchers have attempted to obtain in vivo 
expression of recombinant gene products via gene therapy. 
Typically viral vectors are used to transduce cells in vivo to 
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express recombinant gene products. These viral-based vec 
tors have advantageous characteristics, such as the natural 
ability to infect the target tissue. However, retrovirus-based 
vectors require integration within the genome of the target 
tissue to allow for recombinant product expression (with the 
potential to activate resident oncogenes) and can only be used 
to transduce actively dividing tissues. Viral vectors are also 
often not able to Sustain long-term transgene expression, 
which may be due at least in part to their elimination due to 
secondary host immune responses. 
0007 Accordingly, there remains a need in the art for 
recombinant gene product formulations that have consis 
tently high expression levels lasting for several weeks or more 
and for methods of using those formulations to treat disease. 

SUMMARY OF THE INVENTION 

0008. The invention provides, in one embodiment, along 
lasting therapeutic formulation comprising a genetically 
modified micro-organ, said micro-organ comprising a vector 
comprising a nucleic acid sequence operably linked to one or 
more regulatory sequences, wherein said nucleic acid 
sequence encodes a therapeutic polypeptide and whereby 
administration of said formulation increases blood hemoglo 
bin (“Hb) levels over basal level and said increase is main 
tained for at least one month. In one embodiment, the vector 
is a helper-dependent adenovirus vector. 
0009. In one embodiment, the therapeutic polypeptide is 
erythropoietin. In one embodiment, the erythropoietin is 
encoded by SEQID No. 7. In one embodiment, this invention 
provides a long-lasting erythropoietin formulation compris 
ing at least one genetically modified micro-organ that 
expresses and secretes erythropoietin, said micro-organ com 
prising a helper-dependent adenovirus vector, said vector 
comprising a nucleic acid sequence encoding erythropoietin 
operably linked to one or more regulatory sequences, wherein 
said nucleic acid comprises SEQID No. 11. 
0010. In another embodiment, the invention provides a 
method of providing a therapeutic polypeptide to a subject in 
need over a Sustained period comprising providing one or 
more genetically modified micro-organs, said micro-organs 
comprising a vector comprising a nucleic acid sequence oper 
ably linked to one or more regulatory sequences; and implant 
ing said genetically modified micro-organ in said Subject, 
wherein said nucleic acid sequence encodes a therapeutic 
polypeptide and whereby said formulation increases Hb lev 
els over the basal level and said increase is maintained for at 
least one month. In yet another embodiment, the increase is 
maintained for greater than one month. In one embodiment, 
the Hb levels are maintained within a range of 9-11 g/dl 
hemoglobin. In another embodiment, the Hb levels are main 
tained within a range of 10-12 g/dl. In one embodiment, the 
Hb levels are maintained for at least one month. 
0011. In one embodiment, the vector is a helper-dependent 
adenovirus vector. In one embodiment, the therapeutic 
polypeptide is erythropoietin. In one embodiment, the eryth 
ropoietin is encoded by SEQID No. 7. In one embodiment, 
the Subject in need is Suffering from anemia. In another 
embodiment, the Subject in need is Suffering from an infec 
tion. In yet another embodiment, the Subject in need is Suf 
fering from cancer. 
0012. In one embodiment, this invention provides a 
method of treating anemia in a human Subject in need over a 
Sustained time period comprising the steps of a. providing at 
least one genetically modified micro-organ that expresses and 
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secretes erythropoietin, wherein the micro-organ comprises a 
helper-dependent adenovirus vector comprising a nucleic 
acid sequence encoding erythropoietin operably linked to one 
or more regulatory sequences; b. determining erythropoietin 
secretion levels of the at least one genetically modified micro 
organ in vitro; c. implanting the at least one genetically modi 
fied micro-organ in the human Subject at an effective dosage; 
and d. measuring hemoglobin levels in the blood of the sub 
ject, wherein the measured hemoglobin levels in the subject 
are maintained at 9-11 g/dl in at least 50% of the measure 
ments for at least one month. 
0013. In one embodiment, this invention provides an 
effective dosage of 18-150 IU erythropoietin/Kg bodyweight 
of said Subject/day. In one embodiment, the effective dosage 
is determined based on a Subjects weight, historical hemo 
globin levels and the average amount of erythropoietin pre 
viously administered to the subject for one month prior to said 
implanting step. 
0014. In one embodiment, this invention provides a 
method of increasing or maintaining physiological hemoglo 
bin levels in a human Subject over a Sustained period of time 
comprising the steps of a. providing at least one genetically 
modified micro-organ that expresses and secretes erythropoi 
etin, the micro-organ comprising a helper-dependent aden 
ovirus vector comprising a nucleic acid sequence encoding 
erythropoietin operably linked to one or more regulatory 
sequences; b. determining erythropoietin secretion levels of 
the at least one genetically modified micro-organ in vitro; c. 
implanting the at least one genetically modified micro-organ 
in the Subject at an effective dosage; and d. measuring hemo 
globin levels in the blood of the subject, wherein the increased 
or maintained physiological hemoglobin levels in said subject 
are maintained at 9-11 g/dl in at least 50% of the measure 
ments for at least one month. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 FIG. 1 presents levels of recombinant optimized 
human interferon-alpha (IFNC.) produced in vitro by the for 
mulations of the instant invention. 
0016 FIG. 2 presents levels of recombinant human eryth 
ropoietin (hEPO) produced in vitro by the formulations of the 
instant invention. HD-Ad-CAG-wt-hEPO GMMO titration 
(A). Micro-organs were transduced with increasing dilutions 
of HD-Ad-CAG-wt-hEPO virus: 1:25; 1:100; and 1:1000 
dilutions. Ad5/CMV/wt-hEPO was diluted to a working con 
centration of 1:10 and 1:50. A comparison between GMMOs 
produced from two different skins, H-1 and H-2 (B). Micro 
organs were transduced with HD-Ad-CAG-wt-hEPO 1:25. 
Bars indicate the hEPO concentration measured by ELISA in 
the culture media that was collected and replaced every 3-4 
days. 
0017 FIG. 3 presents the percent of peak erythropoietin 
(EPO) expression levels in vitro from optimized formulations 
comprising EPO-expressing gutless adenovirus and micro 
organs comprising EPO-expressing adenovirus-5. Micro-or 
gans were transduced with HD-Ad-CAG-hEPO at 1:25 or 
with AdS/CMV/hEPO at 1:10. 
0018 FIG. 4 presents erythropoietin (EPO) expression 
levels in vitro from formulations comprising optimized and 
non-optimized EPO-expressing gutless adenovirus. Micro 
organs were transduced with a working dilution of 1:100 viral 
particles. Bars indicate the hEPO concentration measured by 
ELISA in the culture media that was collected and replaced 
every 3-4 days. 
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(0019 FIG. 5 presents erythropoietin (EPO) expression 
levels in vitro from formulations comprising EPO-expressing 
gutless adenovirus downstream of a CAG or CMV promoter. 
0020 FIG. 6 presents levels of recombinant human eryth 
ropoietin produced in vivo in SCID mice (A) and in vitro (B) 
by the formulations of the instant invention in vitro and the 
associated changes in hematocrit (A). Ten mice/group were 
implanted subcutaneously with GMMOs. The hEPO levels 
(mu/ml) and the corresponding 96 hematocrit that were mea 
sured in the serum of mice that were implanted with GMMOs 
transduced with adenovirus-hEPO, helper-dependent aden 
ovirus-hEPO, and helper-dependent adenovirus-optimized 
hEPO and with non-transduced GMMOs are presented. 
Bleeds were done every 10 days (A). Hematocrit was mea 
sured by the centrifugation method and serum hEPO levels in 
the blood were measured by a hEPO ELISA kit. Non-im 
planted GMMOs were maintained in culture and levels of 
EPO were measured (B). 
(0021 FIG. 7 presents the correlation of peak serum EPO 
levels to delivered dose in vivo, in human patients. 
(0022 FIG. 8A presents summary results of hEPO 
GMMO low dose clinical group, illustrating a sustained 
hemoglobin response within a therapeutic window (10-12 
g/dl) in 5 of 6 patients for periods of 1-36 months without 
injections. FIG. 8B presents summary results of hEPO 
GMMO mid dose clinical group, illustrating a sustained 
hemoglobin response within the therapeutic window (10-12 
g/dl) in 6 of 7 patients, for periods of 3-18 months without 
injections. FIG. 8C presents summary results of hEPO 
GMMO high dose clinical group, illustrating a Sustained 
hemoglobin response within the therapeutic window (10-12 
g/dl) in 3 patients for periods of 1-4 months without injec 
tions. 
0023 FIG. 9 presents hemoglobin response of Patient 1. 
0024 FIG. 10A presents sustained hemoglobin response 
of Patient 2, FIG. 10B presents reticulocytes count in 
response to hEPO-GMMO administration in Patient 2, and 
FIG. 10C presents serum EPO levels in response to hEPO 
GMMO in Patient 2. 
0025 FIG. 11A presents hemoglobin response of Patient 
3. FIG. 11B presents hemoglobin levels prior to hEPO 
GMMO implantation with the projected nadir. 
0026 FIG. 12 presents sustained hemoglobin response of 
Patient 4. 
0027 FIG. 13 presents sustained hemoglobin response of 
Patient 6. 
0028 FIG. 14 presents sustained hemoglobin response of 
Patient 7. 
0029 FIG. 15 presents base-line demographics of clinical 
study patients. 
0030 FIG. 16 presents hemoglobin and serum EPO levels 
following dose augmentation by a second administration. 
0031 FIG. 17 presents an expression cassette for HDAcd 
hEPO vector. 
0032 FIG. 18 illustrates schematically construction of 
pA28E4-CAG-EPO plasmid. 
0033 FIG. 19 illustrates schematically construction/pro 
duction of the HDAC-EPO vector. 
0034 FIG. 20 presents EPO secretion ex vivo from trans 
duced micro-organs obtained from different Subjects. 
0035 FIG. 21 presents GMMO-EPO viability by cell 
count at different times during maintenance. 
0036 FIG. 22 presents dermal GMMO-EPO titration 
analysis. 
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0037 FIG.23 presents sustained long-lasting in vitro EPO 
secretion. 

0038 FIG. 24 presents elevated serum EPO and subse 
quent rise in hematocrit in SCID mice. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

0039. In some embodiments, the instant invention is 
directed to long-lasting therapeutic formulations comprising 
a genetically modified, tissue-based micro-organ comprising 
a vector comprising a nucleic acid sequence encoding athera 
peutic polypeptide, Such as erythropoietin, operably linked to 
one or more regulatory sequences and their methods of use. 
0040. The invention provides, in one embodiment, along 
lasting therapeutic formulation comprising a genetically 
modified micro-organ, said micro-organ comprising a vector 
comprising a nucleic acid sequence operably linked to one or 
more regulatory sequences, wherein said nucleic acid 
sequence encodes a therapeutic polypeptide and whereby 
administration of the therapeutic formulation increases the 
level of hemoglobin (Hb) and the increase is maintained for 
at least one month. In another embodiment, the increase is for 
greater than one month. In another embodiment, the hemo 
globin level is increased and the increase is maintained for 
greater than six months. 
0041. In another embodiment, this invention provides a 
long-lasting therapeutic formulation comprising a geneti 
cally modified micro-organ, said micro-organ comprising a 
vector comprising a nucleic acid sequence operably linked to 
one or more regulatory sequences, wherein said nucleic acid 
sequence encodes a therapeutic polypeptide and whereby 
administration of the formula increases blood Hb levels over 
basal levels and the increase is maintained for at least one 
month and wherein the vector is a helper-dependent adenovi 
ruS VectOr. 

0042. In yet another embodiment, this invention provides 
a long-lasting erythropoietin formulation comprising at least 
one genetically modified micro-organ that expresses and 
secretes erythropoietin, the micro-organ comprising a helper 
dependent adenovirus vector, the vector comprising a nucleic 
acid sequence encoding erythropoietin operably linked to one 
or more regulatory sequences, wherein the nucleic acid 
encoding erythropoietin operably linked to one or more regu 
latory sequences comprises SEQID No. 11. Administration 
of Such a formulation at an effective dosage to a human 
Subject in need can increase and/or maintain hemoglobin 
levels in the subject to physiological hemoglobin levels for at 
least one month. 

0043. As used herein, the term “subject” refers to a human 
subject. The term “subject” may also be referred to herein as 
a “patient'. Subjects may be naive, e.g., a patient naive to 
EPO. Alternatively, subjects may be previously exposed to a 
therapeutic polypeptide, e.g., EPO, for instance by way of 
erythroid stimulating activity (ESA; also termed erythropoi 
etic stimulating agent) injection therapy. 
0044 As used herein, the term “increased hemoglobin 
levels' refers to an increase in blood Hb levels over basal 
levels in response to administration of a long-lasting thera 
peutic formulation of the current invention to a subject in 
need. As used herein, the term “increased hemoglobin levels' 
may also be referred to herein as “hemoglobin response'. 
Administration of a GMMO to a naive subject may increase 
hemoglobin levels to a therapeutic level. Administration of a 
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GMMO to a subject previously exposed to EPO may maintain 
hemoglobin levels at a therapeutic level. 
0045. In one embodiment, the Hb response refers to an 
increase in Hb levels such that Hb levels range between 9-11 
gm/dl, which is the current FDA recommended range. In 
another embodiment, the Hb levels range between 9.5-12.6 
gm/dl. In yet another embodiment, the Hb levels range 
between 10-12 gm/dl. In still another embodiment, the Hb 
levels range between 9-13.2 gm/dl. In a further embodiment, 
the Hb levels range between 8.5-13.8 gm/dl. In another 
embodiment, the Hb levels range between 8-14.4 gm/dl. 
0046. As Hb levels in blood may oscillate slightly from 
day to day, the range increase in Hb response may in certain 
situations represent an average increase over any given time 
period. Measurements made over a given time period may 
reflect this oscillation. For example, the increased Hb may be 
maintained for 90% of measurement over any given time 
period within a target range, as for example presented above. 
In other words, 90% of measurements made during at least 
one month or 90% of measurements made over at least six 
months, or at least one year may be within the Hb target range. 
Alternatively, Hb levels may be increased or maintained 
within the targeted range for 80% of measurements over any 
given time period. Further, Hb levels may be increased or 
maintained within the targeted range for 70% of measure 
ments over any given time period. Alternatively, Hb levels 
may be increased or maintained within the targeted range for 
60% of measurements over any given time period. Or, Hb 
levels may be increased or maintained within the targeted 
range for 50% of measurements over any given time period. 
0047. Hemoglobin measurements may be made on a regu 
lar basis or irregular basis. In certain cases, measurements of 
blood Hb levels may be made once per week. Alternatively, 
measurements of blood Hb may be more or less frequent, e.g., 
twice per week or once every two weeks or once a month. In 
one embodiment, blood measurements are made once a week. 
In another embodiment, twice a week. In yet another embodi 
ment, three times a week. In still another embodiment, mea 
Surements are made once every two weeks. In a further 
embodiment, measurements are made once a month. In one 
embodiment, measurements are made on a regularly sched 
uled basis. In another embodiment, measurements are made 
on an as “needed basis. Measurements may be made more or 
less frequently, dependent on need. 
0048. In some embodiments, increased Hb levels are 
maintained within a given range for at least 90% of the time 
that Hb levels are increased. In other embodiments, Hb levels 
are maintained for at least 80% of the time. In yet other 
embodiments, Hb levels are maintained for at least 70% of the 
time. In still other embodiments, Hb levels are maintained for 
at least 60% of the time. In a further embodiment, Hb levels 
are maintained for at least 50% of the time. 
0049. As used herein, the term “hematocrit” refers to the 
packed cell Volume or erythrocyte Volume fraction as a per 
centage of the concentration of red blood cells in blood. As 
used herein, increases in Hb levels reflect increases in hema 
tocrit. 
0050 For patients previously treated with ESA injection 
therapy, administration of “human erythropoietin-genetically 
modified micro-organ” (“hEPO-GMMO) in place of ESA 
injections prevents a decrease in Hb levels to their natural 
nadir. In one embodiment, wherein the patient has been 
treated with ESA, Hb response refers to a prevention of the 
decrease of Hb level that would otherwise occur naturally and 
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maintenance of elevated Hb levels, compared with the 
patient’s natural nadir. In one embodiment, hEPO-GMMO 
administration prevents a decrease in Hb levels. In this way 
Hb levels may be maintained within the therapeutic window. 
0051. As used herein, the term “erythropoiesis' refers to 
the process of red blood cell formation or production. Eryth 
ropoietin is a required element in the regulation of erythro 
poiesis, i.e., red blood cell production. The measure of an Hb 
response is also a measure of red blood cell formation, i.e., 
erythropoiesis. 
0052. As used herein, a sustained “hemoglobin response' 
may also be referred to as sustained “erythropoiesis' having 
all the qualities and properties of an Hb response. 
0053. In another embodiment, the invention provides a 
long-lasting therapeutic formulation comprising a geneti 
cally modified micro-organ, said micro-organ comprising a 
vector comprising a nucleic acid sequence operably linked to 
one or more regulatory sequences, wherein said nucleic acid 
sequence encodes a therapeutic polypeptide and whereby 
blood Hb level is increased over basal level following admin 
istration of the formulation and the increase is maintained for 
greater than one month in a subject, wherein the Subject may 
be an immuno-competent host. 
0054. In one embodiment, the expression level of the 
nucleic acid is increased by more than 5% over basal levels in 
an immuno-competent host, while in another embodiment, 
the vector is a helper-dependent adenovirus vector. 
0055. The invention provides a long-lasting therapeutic 
formulation and methods of use thereof, where the formula 
tion comprises a genetically modified micro-organ. The term 
“micro-organ” as used herein, refers in one embodiment, to 
an isolated tissue or organ structure derived from or identical 
to an explant that has been prepared in a manner conducive to 
cell viability and function. In one embodiment, a micro-organ 
maintains at least some in vivo structures, or in another 
embodiment, interactions, similar to the tissues or organ from 
which it is obtained. In one embodiment, a micro-organ is an 
intact, isolated tissue slice. In another embodiment, micro 
organs retain the micro-architecture and the three dimen 
sional structure of the tissue or organ from which they were 
derived and have dimensions selected so as to allow passive 
diffusion of adequate nutrients and gases to cells within the 
micro-organ and diffusion of cellular waste out of the cells of 
the micro-organ so as to minimize cellular toxicity and con 
comitant cell death due to insufficient nutrition and/or accu 
mulation of waste. In one embodiment, a micro-organ is a 
sliver of dermal tissue. 

0056. In one embodiment, a micro-organ is 1-2 mm in 
diameter and 30-40 mm in length. In another embodiment, 
the diameter of a micro-organ may be, for example, 1-3 mm, 
1-4 mm, 2-4 mm, 0.5-3.5 mm, 1.5-2.5 or 1.5-10 mm. In 
another embodiment the diameter of a micro-organ may be, 
for example, approximately 2 mm or approximately 1.5 mm. 
In another embodiment, the length of the micro-organ may be 
5-100 mm, 10-60 mm, 20-60 mm, 20-50 mm, 20-40 mm, 
20-100 mm, 30-100 mm, 40-100 mm, 50-100 mm, 60-100 
mm, 70-100 mm, 80-100 mm, or 90-100 mm. In another 
embodiment, the length of the micro-organ may be approxi 
mately 20 mm, approximately 30 mm, approximately 40mm, 
or approximately 50 mm. In one embodiment, a micro-organ 
is smaller than 1.5 cm, and in another embodiment, less than 
1 cm. In another embodiment, the diameter is less than 1.5 
cm, and in another embodiment, the length is less than 1.5 cm. 
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0057. In one embodiment, a micro-organ is an explant. In 
one embodiment, a micro-organ is tissue-derived. In another 
embodiment, a micro-organ is a section orportion or part of a 
tissue. In another embodiment, a micro-organ is a section or 
portion or part of an organ. A micro-organ can be distin 
guished from a skin graft, in one embodiment, in that it is 
specifically designed to Survive for long periods of time in 
Vivo and in vitro and, in another embodiment, in that its 
dimensions are specifically selected so as to allow passive 
diffusion of adequate nutrients and gases to cells within the 
micro-organ and diffusion of cellular waste out of the cells of 
the micro-organ, which in one embodiment minimizes cellu 
lar toxicity and concomitant cell death due to insufficient 
nutrition and/or accumulation of waste. Thus, in one embodi 
ment, a micro-organ is not a skin graft. In another embodi 
ment, a micro-organ can be distinguished from a collection of 
isolated cells, which in one embodiment, are grown on a 
natural or artificial scaffold, in that micro-organs maintain the 
micro-architecture and the three dimensional structure of the 
tissue or organ from which they were derived. Thus, in one 
embodiment, a micro-organ is not one or more cell types 
grown on a scaffold or within a gel. 
0.058 A detailed description of micro-organs can be found 
in US-2003-0152562, which is incorporated herein by refer 
ence in its entirety. 
0059 Earlier patent applications (WO 03/006669, WO 
03/03585, WO 04/099363, which are incorporated in-full 
herein by reference) described micro-organs, which can be 
modified to express a gene product of interest, that may be 
Sustained outside the body in an autonomously functional 
state for an extended period of time, and may then be 
implanted Subcutaneously or in other locations within the 
body for the purpose of treating diseases or disorders. In one 
embodiment, a micro-organ that is modified to express a gene 
product of interest is a therapeutic micro-organ. The thera 
peutic micro-organs of the present invention unexpectedly 
showed a much longer-term expression profile of a gene 
product of interest in vitro and in vivo. 
0060. As used herein, the term “explant” refers, in one 
embodiment, to a tissue or organ or a portion thereofremoved 
from its natural growth site in an organism and placed in a 
culture medium for a period of time. In one embodiment, the 
tissue or organ is viable, in another embodiment, metaboli 
cally active, or a combination thereof. As used herein, the 
term "explant may, in Some embodiments, be used inter 
changeably with “micro-organ” or “micro-organ explant'. 
0061. As used herein, the term “microarchitecture” refers, 
in one embodiment, to a characteristic of the explant in which 
Some or all of the cells of the tissue explant maintain, in vitro, 
physical and/or functional contact with at least one cell or 
non-cellular substance with which they were in physical and/ 
or functional contact in vivo. 
0062. In another embodiment, micro-organ explants 
maintain the three-dimensional structure of the tissue or 
organ from which they were derived. In one embodiment, 
micro-organ explants retain the spatial interactions, e.g. cell 
cell, cell-matrix and cell-stromal interactions, and the orien 
tation of the tissue from which they were derived. In one 
embodiment, preservation of spatial interactions such as 
described above permit the maintenance of biological func 
tions of the explant, such as secretion of autocrine and para 
crine factors and other extracellular stimuli, which in one 
embodiment, provide long term viability to the explant. In 
one embodiment, at least Some of the cells of the micro-organ 



US 2013/025 1679 A1 

explant maintain, in vitro or in vivo after implantation, their 
physical and/or functional contact with at least one cell or 
non-cellular substance with which they were in physical and/ 
or functional contact in vivo. In one embodiment, some of the 
cells refers to at least about 50%, in another embodiment, at 
least about 60%, in another embodiment at least about 70%, 
in another embodiment, at least about 80%, and in another 
embodiment, at least about 90% or more of the cells of the 
population. In another embodiment, the cells of the explant 
maintain at least one biological activity of the organ or tissue 
from which they are isolated. 
0063. In one embodiment, the term “about’, refers to a 
deviance of between 0.0001-5% from the indicated number 
or range of numbers. In one embodiment, the term “about'. 
refers to a deviance of between 1-10% from the indicated 
number or range of numbers. In one embodiment, the term 
“about’, refers to a deviance of up to 25% from the indicated 
number or range of numbers. 
0064. In some embodiments, any of the formulation of this 
invention will comprise a genetically modified micro-organ 
(GMMO), in any form or embodiment as described herein. As 
used herein, the term “GMMO' may also refer to a 
“Biopump'. In some embodiments, any of the formulations 
of this invention will consist of a genetically modified micro 
organ, in any form or embodiment as described herein. In 
some embodiments, of the compositions of this invention will 
consist essentially of a genetically modified micro-organ, in 
any form or embodiment as described herein. In some 
embodiments, the term “comprise' refers to the inclusion of 
the indicated active agent, such as the genetically modified 
micro-organ, as well as inclusion of other active agents, and 
pharmaceutically acceptable carriers, excipients, emollients, 
stabilizers, etc., as are known in the pharmaceutical industry. 
In some embodiments, the term "consisting essentially of 
refers to a composition, whose only active ingredient is the 
indicated active ingredient, however, other compounds may 
be included which are for stabilizing, preserving, etc. the 
formulation, but are not involved directly in the therapeutic 
effect of the indicated active ingredient. In some embodi 
ments, the term “consisting essentially of may refer to com 
ponents which facilitate the release of the active ingredient. In 
Some embodiments, the term "consisting refers to a compo 
sition, which contains the active ingredient and a pharmaceu 
tically acceptable carrier or excipient. 
0065. Further, as used herein, the term “comprising is 
intended to mean that the system includes the recited ele 
ments, but not excluding others which may be optional. By 
the phrase “consisting essentially of it is meant a method that 
includes the recited elements but exclude other elements that 
may have an essential significant effect on the performance of 
the method. “Consisting of shall thus mean excluding more 
than traces of other elements. Embodiments defined by each 
of these transition terms are within the scope of this invention. 
0066 Similarly, in some embodiments, the vector of and 
for use in the methods of the present invention comprise a 
nucleic acid sequence operably linked to one or more regu 
latory sequences, wherein said nucleic acid sequence encodes 
atherapeutic polypeptide. In another embodiment, the vector 
consists essentially of Such a nucleic acid sequence, and in 
another embodiment, the vector consists of Such a nucleic 
acid sequence. In one embodiment, the nucleic acid operably 
linked to one or more regulatory sequences comprises the 
nucleic acids of SEQID No. 11. 
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0067 Examples of mammals from which the micro-or 
gans can be isolated include humans and other primates, 
Swine, such as wholly or partially inbred Swine (e.g., minia 
ture Swine, and transgenic Swine), rodents, etc. Micro-organs 
may be processed from tissue from a variety of organs, which 
in one embodiment is the skin, the dermis, the lymph system, 
the pancreas, the liver, the gallbladder, the kidney, the diges 
tive tract, the respiratory tract, the reproductive system, the 
urinary tract, the blood, the bladder, the cornea, the prostate, 
the bone marrow, the thymus, the spleen, or a combination 
thereof. Explants from these organs may comprise islet of 
Langerhans cells, hair follicles, glands, epithelial and con 
nective tissue cells, or a combination thereof arranged in a 
microarchitecture similar to the microarchitecture of the 
organ from which the explant was obtained. In one embodi 
ment, the microarchitecture of the organ from which the 
explant was obtained may be discerned or identified in the 
micro-organ explant using materials, apparati, and/or meth 
ods known in the art. 

0068. In one embodiment, the present invention provides a 
formulation and methods of use thereof comprising a geneti 
cally modified micro-organ. In one embodiment, the term 
“genetically modified micro-organ” or “GMMO' refers to a 
micro-organ that expresses at least one recombinant gene 
product. In other embodiments, reference to a micro-organ 
does not necessarily refer to a non-genetically modified 
micro-organ, but may also refer in some instances to a geneti 
cally modified micro-organ as will be clear from the context 
to one of skill in the art. In one embodiment, the phrase “gene 
product” refers to proteins, polypeptides, peptides and func 
tional RNA molecules. In one embodiment, the gene product 
encoded by the nucleic acid molecule is the desired gene 
product to be Supplied to a subject. Examples of Such gene 
products include proteins, peptides, glycoproteins and lipo 
proteins normally produced by cells of the recipient subject. 
In one embodiment, the gene product is not naturally occur 
ring in the organism from which the micro-organ was har 
vested and/or in the organism in which the GMMO is 
implanted, while in another embodiment, the gene product is 
naturally occurring. In one embodiment, the gene product of 
the GMMO is similar or identical to a gene product endog 
enously expressed by one or more cells of the micro-organ. In 
one embodiment, genetic modification increases the level of 
a gene product that would be produced in a non-genetically 
modified micro-organ. In another embodiment, the gene 
product expressed by the GMMO is not similar or identical to 
a gene product endogenously expressed by one or more cells 
of the micro-organ. In another embodiment, the gene product 
encoded by the nucleic acid molecule encodes a molecule that 
directly or indirectly controls expression of a gene of interest. 
In another embodiment, the gene product encoded by the 
nucleic acid molecule up-regulates or down-regulates the 
expression levels of the desired gene product to be Supplied to 
a Subject. 
0069. In another embodiment, genetic modification of a 
micro-organ may modify the expression profile of an endog 
enous gene. This may be achieved, for example, by introduc 
ing an enhancer, or a repressible or inducible regulatory ele 
ment for controlling the expression of an endogenous gene. 
0070 Any methodology known in the art can be used for 
genetically altering the micro-organ explant. Any one of a 
number of different vectors can be used, such as viral vectors, 
plasmid vectors, linear DNA, etc., as known in the art, to 
introduce an exogenous nucleic acid fragment encoding a 
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therapeutic agent into target cells and/or tissue. These vectors 
can be inserted, for example, using infection, transduction, 
transfection, calcium-phosphate mediated transfection, 
DEAE-dextran mediated transfection, electroporation, lipo 
some-mediated transfection, biolistic gene delivery, liposo 
mal gene delivery using fusogenic and anionic liposomes 
(which are an alternative to the use of cationic liposomes), 
direct injection, receptor-mediated uptake, magnetoporation, 
ultrasound, or any combination thereof, as well as other tech 
niques known in the art (for further detail see, for example, 
“Methods in Enzymology” Vol. 1-317, Academic Press, Cur 
rent Protocols in Molecular Biology, Ausubel F. M. et al. 
(eds.) Greene Publishing Associates, (1989) and in Molecular 
Cloning: A Laboratory Manual, 2nd Edition, Sambrook et al. 
Cold Spring Harbor Laboratory Press, (1989), or other stan 
dard laboratory manuals). The polynucleotide segments 
encoding sequences of interest can be ligated into an expres 
sion vector System Suitable for transducing mammalian cells 
and for directing the expression of recombinant products 
within the transduced cells. The introduction of the exog 
enous nucleic acid fragment is accomplished by introducing 
the vector into the vicinity of the micro-organ. Once the 
exogenous nucleic acid fragment has been incorporated into 
the cells using any of the techniques described above or 
known in the art, the production and/or the secretion rate of 
the therapeutic agent encoded by the nucleic acid fragment 
can be quantified. In one embodiment, the term "exogenous 
refers to a Substance that originated outside, for example a 
nucleic acid that originated outside of a cell or tissue. 
0071. In one embodiment, a micro-organ of the formula 
tion and methods of the present invention comprises a vector, 
which in one embodiment, facilitates recombinant gene 
expression. In one embodiment, the vector is a non-immuno 
genic gene transfer agent such as a nonviral vector (e.g. DNA 
plasmids or minicircle DNA), a "gutless' viral vector i.e. 
without endogenous genes (which in one embodiment, is due 
to a deletion, while in another embodiment, due to an inser 
tion, Substitution or deletion in a gene that prevents gene 
expression), a helper-dependent adenovirus (HDAC) vector, 
or adeno associated virus AAV (which in one embodiment is 
single stranded and in another embodiment, double stranded). 
In another embodiment, said formulation is so chosen Such 
that recombinant gene expression results in lack of toxicity or 
immune-mediated rejection of the gene product by the micro 
organ. In one embodiment, the vectoris virally derived, and in 
another embodiment, the vector is a plasmid. In one embodi 
ment, the virally-derived vector is derived from adenovirus, 
which in one embodiment, is helper-dependent adenovirus, 
while in another embodiment, the virally-derived vector is 
derived from adenovirus-associated vector, as is described 
herein below. 

0072. In one embodiment, the term “vector” or “expres 
sion vector” refers to a carrier molecule into which a nucleic 
acid sequence can be inserted for introduction into a cell 
where it can be replicated. In one embodiment, the nucleic 
acid molecules are transcribed into RNA, which in some 
cases are then translated into a protein, polypeptide, or pep 
tide. In other cases, RNA sequences are not translated, for 
example, in the production of antisense molecules or 
ribozymes. In one embodiment, expression vectors can con 
tain a variety of “control sequences” which refer to nucleic 
acid sequences necessary for the transcription and possibly 
translation of an operably linked coding sequence in a par 
ticular host cell. In another embodiment, a vector further 
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includes an origin of replication. As used herein, the term 
“control sequence' may also be referred to herein as a “regu 
latory sequence'. In one embodiment the vector may be a 
shuttle vector, which in one embodiment can propagate both 
in prokaryotic and eukaryotic cells, or in another embodi 
ment, the vector may be constructed to facilitate its integra 
tion within the genome of an organism of choice. The vector, 
in other embodiments may be, for example, a plasmid, a 
bacmid, a phagemid, a cosmid, a phage, a virus oran artificial 
chromosome. In one embodiment, the vector is a viral vector, 
which in one embodiment may be a bacteriophage, mamma 
lian virus, or plant virus. 
0073. In one embodiment, the viral vector is an adenoviral 
vector. In another embodiment, the adenovirus may be of any 
known serotype or Subgroup. 
0074 Advantages of using an adenoviral vector as a gene 
transfer vector are: its mid-sized genome, ease of manipula 
tion, high titer, wide target-cell range and high infectivity. 
Both ends of the adenoviral genome contain 100-200 base 
pair inverted repeats (ITRS), which are cis elements necessary 
for viral DNA replication and packaging. The early (E) and 
late (L) regions of the genome contain different transcription 
units that are divided by the onset of viral DNA replication. 
The E1 region (E1A and E1B) encodes proteins responsible 
for the regulation of transcription of the viral genome and a 
few cellular genes. The expression of the E2 region (E2A and 
E2B) results in the synthesis of the proteins for viral DNA 
replication. These proteins are involved in DNA replication, 
late gene expression and host cell shut-off. The products of 
the late genes, including the majority of the viral capsid 
proteins, are expressed only after significant processing of a 
single primary transcript issued by the major late promoter 
(MLP). The MLP (located at 16.8 m.u.) is particularly effi 
cient during the late phase of infection, and all the mRNAs 
issued from this promoter possess a 5'-tripartite leader (TPL) 
sequence which makes them preferred mRNAs for transla 
tion. 

0075. In another embodiment, the adenoviral vector is a 
helper-dependent adenoviral vector (“HDAD”, “HD” or 
“HDAd” or “HD-Ad”), which in another embodiment, is 
synonymous with gutless, gutted, mini, fully deleted, high 
capacity, A, or pseudo adenovirus, and which in another 
embodiment are deleted of all viral coding sequences except 
for sequences Supporting DNA replication, which in one 
embodiment, comprise the adenovirus inverted terminal 
repeats and packaging sequence (). In another embodiment, 
helper-dependent adenoviruses express no viral proteins. In 
one embodiment, a helper-dependent adenoviral vector com 
prises only the cis-acting elements of the adenovirus required 
to replicate and package the vector DNA. In one embodiment, 
a helper-dependent adenoviral vector comprises approxi 
mately 500 bp of wild-type adenovirus sequence. In another 
embodiment, the adenoviral vector additionally comprises 
stuffer DNA to meet the minimum requirement for a genome 
size of 27.7 kb, which in one embodiment is required for 
efficient packaging into the adenovirus capsid. In one 
embodiment, non-coding mammalian DNA, with minimal 
repeat sequences, is used as stuffer DNA. In another embodi 
ment, stuffer DNA comprises non-mammalian DNA, which 
in one embodiment, is HPRT and/or C346 cosmid sequences. 
In one embodiment, the HDAC vector is a non-replicating 
Vector. 

0076. In one embodiment, helper-dependentadenoviruses 
display high-efficiency in Vivo transduction, high-level trans 
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gene expression, are able to maintain long-term transgene 
expression, in one embodiment, by avoiding chronic toxicity 
due to residual expression of viral proteins, or a combination 
thereof. In another embodiment, helper-dependent adenovi 
ruses have high titer production, efficient infection of a broad 
range of cell types, the ability to infect dividing and nondi 
viding cells, or a combination thereof. In yet another embodi 
ment, a helper-dependent adenovirus for use in the methods 
of the instant invention does not induce a strong adaptive 
immune response to an implanted micro-organ, which in one 
embodiment, is characterized by the generation of adeno 
specific MHC class I restricted CD8 cytotoxic T lymphocytes 
(CTL) in immunocompetent hosts, which in one embodi 
ment, would limit the duration of transgene expression and in 
another embodiment, would result inadenovirus vector clear 
ance within several weeks. In still another embodiment, a 
helper-dependent adenovirus for use in the methods of the 
instant invention does not induce high cytotoxic T cell levels 
(as may be measured in one embodiment by positive CD8 
staining, as is known in the art), and, in another embodiment, 
does not induce high helper T cell levels (as may be measured 
in one embodiment by positive CD4 stain, as is known in the 
art). 
0077. In another embodiment, helper-dependent adenovi 
ruses have a lower risk of germ line transmission and inser 
tional mutagenesis that may cause oncogenic transformation, 
because the vector genome does not integrate into the host 
cell chromosomes. In one embodiment, the cloning capacity 
of helper-dependent adenoviruses is very large (in one 
embodiment, approximately 37 kb, in another embodiment, 
approximately 36 kb), allowing for the delivery of whole 
genomic loci, multiple transgenes, and large cis-acting ele 
ments to enhance, prolong, and regulate transgene expres 
S1O. 

0078. In one embodiment, the helper-dependent adenovi 
rus system for use with the compositions and in the methods 
of the present invention is similar to that described in Palmer 
and Ng, 2003 (Mol Ther 8:846) and in Palmer and Ng, 2004 
(Mol Ther 10:792), which are hereby incorporated herein by 
reference in their entirety. In one embodiment, there is a 
stuffer sequence inserted into the E3 region of the helper virus 
component of the helper-dependent adenovirus system to 
minimize recombination between the helper adenovirus and 
the helper-dependent adenovirus to produce replication com 
petent adenovirus. 
0079. In one embodiment, formulations of the instant 
invention comprising helper-dependent adenoviral vectors 
demonstrate long-term, high in vitro (FIGS. 1, 2, and 6B) and 
in vivo (FIG. 6A) expression levels of EPO and IFN-alpha. In 
another embodiment, formulations of the instant invention 
comprising helper-dependentadenoviral vectors demonstrate 
an increased percent of peak EPO expression levels for at 
least 100 days post-transduction compared to micro-organs 
comprising adenovirus-5 (FIG. 3). Without being bound by 
theory, one factor that may contribute to the long-lasting, high 
levels of gene product from micro-organs of the instant inven 
tion is use of a helper-dependent adenovirus vector, which is 
non-toxic to tissue and non-immunogenic within the formu 
lations of the present invention. 
0080. In yet another embodiment, formulations of the 
instant invention comprising helper-dependent adenoviral 
vectors demonstrate an increased percent of peak EPO 
expression levels in vivo for less than one month (FIG.16). In 
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still another embodiment, in vivo peak EPO expression levels 
are increased for less than two weeks (FIG. 10C). 
0081. In another embodiment, the adenoviral vector is 
E1-deleted, while in another embodiment, the adenoviral 
vector additionally comprises deletions for E2, E3, E4, or a 
combination thereof. 
0082 In another embodiment, the viral vector is an adeno 
associated viral vector (AAV). In one embodiment, AAV is a 
parvovirus, discovered as a contamination of adenoviral 
stocks. It is a ubiquitous virus (antibodies are present in 85% 
of the US human population) that has not been linked to any 
disease. It is also classified as a dependovirus, because its 
replication is dependent on the presence of a helper virus, 
Such as adenovirus. At least nine serotypes have been iso 
lated, of which AAV-2 is the best characterized. AAV has a 
single-stranded linear DNA that is encapsidated into capsid 
proteins VP1,VP2 and VP3 to form an icosahedral virion of 
20 to 24 nm in diameter. 
I0083. In one embodiment, the AAV DNA is approxi 
mately 4.7 kilobases long. In one embodiment, it contains two 
open reading frames and is flanked by two ITRs. There are 
two major genes in the AAV genome: rep and cap. The rep 
gene codes for proteins responsible for viral replications, 
whereas cap codes for capsid protein VP1-3. Each ITR forms 
a T-shaped hairpin structure. These terminal repeats are the 
only essential cis components of the AAV for chromosomal 
integration. Therefore, in one embodiment, the AAV can be 
used as a vector with all viral coding sequences removed and 
replaced by the cassette of genes for delivery. 
I0084. In one embodiment, when using recombinant AAV 
(ra AV) as an expression vector, the vector comprises the 
145-bp ITRs, which are only 6% of the AAV genome, which 
in one embodiment, leaves space in the vector to assemble a 
4.5-kb DNA insertion. 

0085. In one embodiment, AAV is safe in that it is not 
considered pathogenic nor is it associated with any disease. 
The removal of viral coding sequences minimizes immune 
reactions to viral gene expression, and therefore, ra AV 
evokes only a minimal inflammatory response, if any. In 
another embodiment, AAV vector is double-stranded, while 
in another embodiment, AAV vector is self-complementary, 
which in one embodiment, bypasses the requirement of viral 
second-strand DNA synthesis, which in one embodiment, 
results in early transgene expression. 
0086. In another embodiment, the viral vector is a retro 
viral vector. The retroviruses are a group of single-stranded 
RNA viruses characterized by an ability to convert their RNA 
to double-stranded DNA in infected cells by a process of 
reverse-transcription. The resulting DNA then stably inte 
grates into cellular chromosomes as a provirus and directs 
synthesis of viral proteins. The integration results in the reten 
tion of the viral gene sequences in the recipient cell and its 
descendants. The retroviral genome contains three genes, 
gag, pol, and env that code for capsid proteins, polymerase 
enzyme, and envelope components, respectively. A sequence 
found upstream from the gag gene contains a signal for pack 
aging of the genome into virions. Two long terminal repeat 
(LTR) sequences are present at the 5' and 3' ends of the viral 
genome. These contain strong promoter and enhancer 
sequences and are also required for integration in the host cell 
genome. 

0087. In order to construct a retroviral vector in one 
embodiment, a nucleic acid encoding one or more oligonucle 
otide or polynucleotide sequences of interest is inserted into 
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the viral genome in the place of certain viral sequences to 
produce a virus that is replication-defective. In order to pro 
duce virions, a packaging cell line containing the gag, pol, 
and enV genes but without the LTR and packaging compo 
nents is constructed. When a recombinant plasmid containing 
a cDNA, together with the retroviral LTR and packaging 
sequences is introduced into this cell line (by calcium phos 
phate precipitation, for example), the packaging sequence 
allows the RNA transcript of the recombinant plasmid to be 
packaged into viral particles, which are then secreted into the 
culture media. The media containing the recombinant retro 
viruses is then collected, optionally concentrated, and used 
for gene transfer. Retroviral vectors are able to infect a broad 
variety of cell types. However, integration and stable expres 
sion require the division of host cells. 
0088. In other embodiments, the viral vector is derived 
from a virus Such as vaccinia virus, lentivirus, polio virus, 
hepatitis virus, papilloma virus, cytomegalovirus, simian 
virus, or herpes simplex virus. 
0089. In certain embodiments of the invention, the vector 
comprising a nucleic acid sequence may comprise naked 
recombinant DNA or plasmids. Transfer of the construct may 
be performed by any method which physically or chemically 
permeabilizes the cell membrane. In one embodiment, the 
vector is a mini-circle DNA, which in one embodiment, is a 
supercoiled DNA molecule for non-viral genetransfer, which 
has neither a bacterial origin of replication nor an antibiotic 
resistance marker. In another embodiment, mini-circle DNA 
comprises no bacterial control regions from gene delivery 
vectors during the process of plasmid production. They are 
thus Smaller and potentially safer than other plasmids used in 
gene therapy. In one embodiment, mini-circle DNA produce 
high yield, are simple to purify, and provide robust and per 
sistent transgene expression. 
0090 Construction of vectors using standard recombinant 
techniques is well known in the art (see, for example, Mania 
tis, et al., Molecular Cloning, A Laboratory Manual (Cold 
Spring Harbor, 1990) and Ausubel, et al., 1994, Current Pro 
tocols in Molecular Biology (John Wiley & Sons, 1996), both 
incorporated herein by reference). 
0091. In another embodiment, a vector further comprises 
an insertion of a heterologous nucleic acid sequence encoding 
a marker polypeptide. The marker polypeptide may com 
prise, for example, yECitrine, green fluorescent protein 
(GFP), DS-Red (red fluorescent protein), secreted alkaline 
phosphatase (SEAP), B-galactosidase, chloramphenicol 
acetyltransferase, luciferase, GFP/EGFP, human growth hor 
mone, or any number of other reporter proteins known to one 
skilled in the art. 
0092. In another embodiment, the vectors may comprise 
one or more genes of interest. Thus, in one embodiment, a 
vector of the instant invention may comprise a gene of inter 
est, which in one embodiment, is erythropoietin or interferon 
alpha2b, which in one embodiment, expresses a marker, and 
in another embodiment, is linked in frame to a marker, which 
in one embodiment allows identification of the gene product 
of interest and in another embodiment, allows the distinction 
between a gene product of interest produced by a micro-organ 
and a similar gene product produced endogenously by host 
cells outside of the micro-organ(s). 
0093. In one embodiment, a vector comprising a nucleic 
acid encoding a therapeutic polypeptide of the instant inven 
tion is introduced into a micro-organ. There are a number of 
techniques known in the art for introducing cassettes and/or 
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vectors into cells, for affecting the methods of the present 
invention, such as, but not limited to: direct DNA uptake 
techniques, and virus, plasmid, linear DNA or liposome 
mediated transduction, receptor-mediated uptake and magne 
toporation methods employing calcium-phosphate mediated 
and DEAE-dextran mediated methods of introduction, elec 
troporation or liposome-mediated transfection, (for further 
detail see, for example, “Methods in Enzymology” Vol. 
1-317, Academic Press, Current Protocols in Molecular Biol 
ogy, Ausubel F. M. et al. (eds.) Greene Publishing Associates, 
(1989) and in Molecular Cloning: A Laboratory Manual, 2nd 
Edition, Sambrook et al. Cold Spring Harbor Laboratory 
Press, (1989), or other standard laboratory manuals). 
0094. In one embodiment, bombardment with nucleic acid 
coated particles may be a method for transferring a naked 
DNA expression construct into cells. This method depends on 
the ability to accelerate DNA-coated micro-projectiles to a 
high Velocity allowing them to pierce cell membranes and 
enter cells without killing them. Several devices for acceler 
ating Small particles have been developed. One Such device 
relies on a high Voltage discharge to generate an electrical 
current, which in turn provides the motive force. The micro 
projectiles used have comprised biologically inert or biocom 
patible Substances such as tungsten or gold beads. It is to be 
understood that any of these methods may be utilized for 
introduction of the desired sequences into cells, and cells 
thereby produced are to be considered as part of this inven 
tion, as is their use for effecting the methods of this invention. 
0.095. In one embodiment, the vectors of the formulations 
and methods of the instant invention comprise a nucleic acid 
sequence. As used herein, the term “nucleic acid refers to 
polynucleotide or to oligonucleotides such as deoxyribo 
nucleic acid (DNA), and, where appropriate, ribonucleic acid 
(RNA) or mimetic thereof. The term should also be under 
stood to include, as equivalents, analogs of RNA or DNA 
made from nucleotide analogs, and, as applicable to the 
embodiment being described, single (sense or antisense) and 
double-stranded polynucleotide. This term includes oligo 
nucleotides composed of naturally occurring nucleobases, 
Sugars and covalent internucleoside (backbone) linkages as 
well as oligonucleotides having non-naturally-occurring por 
tions which function similarly. Such modified or substituted 
oligonucleotides are often preferred over native forms 
because of desirable properties such as, for example, 
enhanced cellular uptake, enhanced affinity for nucleic acid 
target and increased stability in the presence of nucleases. 
0096. In one embodiment, the term “nucleic acid' or “oli 
gonucleotide' refers to a molecule, which may include, but is 
not limited to, prokaryotic sequences, eukaryotic mRNA, 
cDNA from eukaryotic mRNA, genomic DNA sequences 
from eukaryotic (e.g., mammalian) DNA, and even synthetic 
DNA sequences. The term also refers to sequences that 
include any of the known base analogs of DNA and RNA. 
0097. The nucleic acids can be produced by any synthetic 
or recombinant process, which are well known in the art. 
Nucleic acids can further be modified to alter biophysical or 
biological properties by means of techniques known in the 
art. For example, the nucleic acid can be modified to increase 
its stability against nucleases (e.g., "end-capping'), or to 
modify its solubility, or binding affinity to complementary 
sequences. These nucleic acids may comprise the vector, the 
expression cassette, the promoter sequence, the gene of inter 
est, or any combination thereof. In another embodiment, its 
lipophilicity may be modified, which, in turn, will reflect 
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changes in the systems employed for its delivery, and in one 
embodiment, may further be influenced by whether such 
sequences are desired for retention within, or permeation 
through the skin, or any of its layers. Such considerations may 
influence any compound used in this invention, in the meth 
ods and systems described. 
0098. In one embodiment, DNA can be synthesized 
chemically from the four nucleotides in whole or in part by 
methods known in the art. Such methods include those 
described in Caruthers (1985; Science 230:281-285). DNA 
can also be synthesized by preparing overlapping double 
Stranded oligonucleotides, filling in the gaps, and ligating the 
ends together (see, generally, Sambrooketal. (1989; Molecu 
lar Cloning A Laboratory Manual, 2nd Edition. Cold 
Spring Habour Laboratory Press, New York)). In another 
embodiment, inactivating mutations may be prepared from 
wild-type DNA by site-directed mutagenesis (see, for 
example, Zoller et al. (1982; DNA. 1984 December; 3(6): 
479–88); Zoller (1983); and Zoller (1984; DNA. 1984 
December; 3(6):479-88); McPherson (1991; Directed 
Mutagenesis: A Practical Approach. Oxford University Press, 
NY)). The DNA obtained can be amplified by methods 
known in the art. One suitable method is the polymerase chain 
reaction (PCR) method described in Saiki et al. (1988: Sci 
ence. 1988 Jan. 29; 239(4839):487-491), Mullis et al., U.S. 
Pat. No. 4,683,195, and Sambrook et al. (1989). 
0099 Methods for modifying nucleic acids to achieve spe 

cific purposes are disclosed in the art, for example, in Sam 
brook et al. (1989). Moreover, the nucleic acid sequences of 
the invention can include one or more portions of nucleotide 
sequence that are non-coding for the protein of interest. Varia 
tions in DNA sequences, which are caused by point mutations 
or by induced modifications (including insertion, deletion, 
and substitution) to enhance the activity, half-life or produc 
tion of the polypeptides encoded thereby, are also encom 
passed in the invention. 
0100. The formulations of this invention may comprise 
nucleic acids, in one embodiment, or in another embodiment, 
the methods of this invention may include delivery of the 
same, wherein, in another embodiment, the nucleic acid is a 
part of a vector. 
0101 The efficacy of a particular expression vector sys 
tem and method of introducing nucleic acid into a cell can be 
assessed by Standard approaches routinely used in the art as 
described hereinbelow. 
0102. As will be appreciated by one skilled in the art, a 
fragment or derivative of a nucleic acid sequence or gene that 
encodes for a protein or peptide can still function in the same 
manner as the entire wild type gene or sequence. Likewise, 
forms of nucleic acid sequences can have variations as com 
pared to wild type sequences, nevertheless encoding the pro 
tein or peptide of interest, or fragments thereof, retaining wild 
type function exhibiting the same biological effect, despite 
these variations. Each of these represents a separate embodi 
ment of this present invention. 
0103. In one embodiment, the formulations and methods 
of the present invention may be used for gene silencing appli 
cations. In one embodiment, the activity or function of a 
particular gene is Suppressed or diminished, via the use of 
anti-sense oligonucleotides, which are chimeric molecules, 
containing two or more chemically distinct regions, each 
made up of at least one nucleotide. 
0104. In one embodiment, chimeric oligonucleotides 
comprise at least one region wherein the oligonucleotide is 
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modified so as to confer upon the oligonucleotide an 
increased resistance to nuclease degradation, increased cel 
lular uptake, and/or increased binding affinity for the target 
polynucleotide. An additional region of the oligonucleotide 
may serve as a Substrate for enzymes capable of cleaving 
RNA:DNA or RNA:RNA hybrids, which according to this 
aspect of the invention, serves as a means of gene silencing 
via degradation of specific sequences. Cleavage of the RNA 
target can be routinely detected by gel electrophoresis and, if 
necessary, associated nucleic acid hybridization techniques 
known in the art. 
0105. The chimeric antisense oligonucleotides may, in 
one embodiment, beformed as composite structures of two or 
more oligonucleotides and/or modified oligonucleotides, as 
is described in the art (see, for example, U.S. Pat. Nos. 5,013, 
830; 5,149,797:5,220,007:5,256,775; 5,366,878; 5,403,711; 
5,491,133; 5,565,350, 5,623,065; 5,652,355; 5,652,356; and 
5,700,922), and may, in another embodiment, comprise a 
ribozyme sequence. 
0106 Inhibition of gene expression, activity or function is 
effected, in another embodiment, via the use of small inter 
fering RNAs, which provides sequence-specific inhibition of 
gene expression. Administration of double stranded/duplex 
RNA (dsRNA) corresponding to a single gene in an organism 
can silence expression of the specific gene by rapid degrada 
tion of the mRNA in affected cells. This process is referred to 
as gene silencing, with the dsRNA functioning as a specific 
RNA inhibitor (RNAi). RNAi may be derived from natural 
Sources, such as in endogenous virus and transposon activity, 
or it can be artificially introduced into cells (Elbashir SM, et 
all (2001). Nature 411:494-498) via microinjection (Fire et al. 
(1998) Nature 391:806-11), or by transformation with gene 
constructs generating complementary RNAS or fold-back 
RNA, or by other vectors (Waterhouse, P. M., et al. (1998). 
Proc. Natl. Acad. Sci. USA95, 13959-13964 and Wang, Z., et 
al. (2000). J. Biol. Chem. 275, 40174-40179). The RNAi 
mediating mRNA degradation, in one embodiment, com 
prises duplex or double-stranded RNA, or, in other embodi 
ments, include single-stranded RNA, isolated RNA (partially 
purified RNA, essentially pure RNA, synthetic RNA, recom 
binantly produced RNA), as well as altered RNA that differs 
from naturally occurring RNA by the addition, deletion and/ 
or alteration of one or more nucleotides. 

0107. In one embodiment, the nucleic acid of the formu 
lations and methods of the instant invention encode a thera 
peutic polypeptide. In one embodiment, the term “polypep 
tide' refers to a molecule comprised of amino acid residues 
joined by peptide (i.e., amide) bonds and includes peptides, 
polypeptides, and proteins. Hence, in one embodiment, the 
polypeptides of this invention may have single or multiple 
chains of covalently linked amino acids and may further 
contain intrachain or interchain linkages comprised of disul 
fide bonds. In one embodiment, some polypeptides may also 
form a Subunit of a multiunit macromolecular complex. In 
one embodiment, the polypeptides can be expected to possess 
conformational preferences and to exhibit a three-dimen 
sional structure. Both the conformational preferences and the 
three-dimensional structure will usually be defined by the 
polypeptide's primary (i.e., amino acid) sequence and/or the 
presence (or absence) of disulfide bonds or other covalent or 
non-covalent intrachain or interchain interactions. 

0108. In one embodiment, the term "peptide' refers to 
native peptides (either degradation products, synthetically 
synthesized peptides or recombinant peptides) and/or pepti 
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domimetics (typically, synthetically synthesized peptides), 
Such as peptoids and semipeptoids which are peptide analogs, 
which may have, for example, modifications rendering the 
peptides more stable while in a body or more capable of 
penetrating into cells. Such modifications include, but are not 
limited to N terminus modification, C terminus modification, 
peptide bond modification, including, but not limited to, 
CH-NH, CH, S, CH, S=O, O=C NH, CH, O, 
CH, CH, S-C NH, CH=CH or CF=CH, backbone 
modifications, and residue modification. Methods for prepar 
ing peptidomimetic compounds are well known in the art and 
are specified, for example, in Quantitative Drug Design, C.A. 
Ramsden Gd. Chapter 17.2, F. Choplin Pergamon Press 
(1992), which is incorporated by reference as if fully set forth 
herein. 
0109 Peptide bonds (-CO. NH ) within the peptide 
may be substituted, for example, by N-methylated bonds 
( N(CH)—CO ), ester bonds ( C(R)H C O—O— 
C(R) N—), ketomethylen bonds ( CO—CH2—), aza 
bonds ( NH N(R)—CO ), wherein R is any alkyl, e.g., 
methyl, carba bonds (—CH NH ), hydroxyethylene 
bonds (—CH(OH)—CH2—), thioamide bonds ( CS 
NH ), olefinic double bonds (—CH=CH ), retro amide 
bonds ( NH CO ), peptide derivatives ( N(R)— 
CH CO ), wherein R is the “normal side chain, natu 
rally presented on the carbon atom. These modifications can 
occurat any of the bonds along the peptide chain and even at 
several (2-3) at the same time. 
0110 Natural aromatic amino acids, Trp, Tyr and Phe, 
may be substituted for synthetic non-natural acid such as TIC, 
naphthylelanine (Nol), ring-methylated derivatives of Phe, 
halogenated derivatives of Phe oro-methyl-Tyr. In addition to 
the above, the peptides of the present invention may also 
include one or more modified amino acids or one or more 
non-amino acid monomers (e.g. fatty acids, complex carbo 
hydrates etc). 
0111. In one embodiment, the term “amino acid” or 
“amino acids” is understood to include the 20 naturally occur 
ring amino acids; those amino acids often modified post 
translationally in vivo, including, for example, hydroxypro 
line, phosphoserine and phosphothreonine; and other unusual 
amino acids including, but not limited to,2-aminoadipic acid, 
hydroxylysine, isodesmosine, nor-valine, nor-leucine and 
ornithine. Furthermore, the term “amino acid may include 
both D- and L-amino acids. 

0112. As used herein, the term “amino acid' refers to 
either the D or Listereoisomer form of the amino acid, unless 
otherwise specifically designated. Also encompassed within 
the scope of this invention are equivalent proteins or equiva 
lent peptides, e.g., having the biological activity of purified 
wild type tumor Suppressor protein. “Equivalent proteins' 
and “equivalent polypeptides’ refer to compounds that depart 
from the linear sequence of the naturally occurring proteins or 
polypeptides, but which have amino acid Substitutions that do 
not change it's biologically activity. These equivalents can 
differ from the native sequences by the replacement of one or 
more amino acids with related amino acids, for example, 
similarly charged amino acids, or the Substitution or modifi 
cation of side chains or functional groups. 
0113. The peptides or polypeptides, or the DNA 
sequences encoding same, may be obtained from a variety of 
natural or unnatural sources, such as a prokaryotic or a 
eukaryotic cell. In one embodiment, the source cell may be 
wild type, recombinant, or mutant. In another embodiment, 
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the plurality of peptides or polypeptides may be endogenous 
to microorganisms, such as bacteria, yeast, or fungi, to a virus, 
to an animal (including mammals, invertebrates, reptiles, 
birds, and insects) or to a plant cell. 
0114. In another embodiment, the peptides or polypep 
tides may be obtained from more specific sources, such as the 
Surface coat of a virion particle, a particular cell lysate, a 
tissue extract, or they may be restricted to those polypeptides 
that are expressed on the Surface of a cell membrane. 
0.115. In another embodiment, the peptide or polypeptide 

is derived from a particular cell or tissue type, developmental 
stage or disease condition or stage. In one embodiment, the 
disease condition or stage is cancer, in another embodiment, 
the disease condition is an infection, which in another 
embodiment, is an HIV infection. In another embodiment, the 
disease condition is a developmental disorder, while in 
another embodiment, the disease condition is a metabolic 
disorder. 

0116. The polypeptide of the present invention can be of 
any size. As can be expected, the polypeptides can exhibit a 
wide variety of molecular weights, some exceeding 150 to 
200 kilodaltons (kD). Typically, the polypeptides may have a 
molecular weight ranging from about 5,000 to about 100,000 
daltons. Still others may fall in a narrower range, for example, 
about 10,000 to about 75,000 daltons, or about 20,000 to 
about 50,000 daltons. In an alternative embodiment, the 
polypeptides of the present invention may be 1-250 amino 
acid residues long. In another embodiment, the polypeptides 
of the present invention may be 10-200 amino acid residues 
long. In an alternative embodiment, the polypeptides of the 
present invention may be 50-100 amino acid residues long. In 
an alternative embodiment, the polypeptides of the present 
invention may be 1-250 amino acid residues long. In an 
alternative embodiment, the polypeptides of the present 
invention may be 1-250 amino acid residues long. In one 
embodiment, the maximum size of the peptide or polypeptide 
is determined by the vector from which it is expressed, which 
in one embodiment, is approximately between 20 and 37 kD. 
between 20 and 25 kD, between 25 and 30 kD, between 30 
and 37 kD, or between 35 and 37 kD. In another embodiment, 
the polypeptide is a 34 kD glycoprotein. 
0117. In another embodiment, the peptides or polypep 
tides are agonists. In another embodiment, the peptides or 
polypeptides are antagonists. In another embodiment, the 
peptides or polypeptides are antigens. In another embodi 
ment, the peptides or polypeptides are enzymes. In another 
embodiment, the peptides or polypeptides are activators of 
enzymes or other Substrates. In another embodiment, the 
peptides or polypeptides are inhibitors of enzymes or other 
Substrates. In another embodiment, the peptides or polypep 
tides are hormones. In another embodiment, the peptides or 
polypeptides are regulatory proteins. Regulatory proteins 
command the numerous interactions that govern the expres 
sion and replication of genes, the performance of enzymes, 
the interplay between cells and their environment, and many 
other manifestations. In another embodiment, the peptides or 
polypeptides are cytoskeletal proteins. Cytoskeletal proteins 
form a flexible framework for the cell, provide attachment 
points for organelles and formed bodies, and make commu 
nication between parts of the cell possible. In another 
embodiment, the peptides or polypeptides are toxins. In 
another embodiment, the therapeutic nucleic acids of the 
present invention encode one or more Suicide genes. 
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0118. In another embodiment, the peptides or polypep 
tides are functional fragments of agonists, antagonists, anti 
gens, enzymes, enzyme activators, enzyme inhibitors, 
enzyme Substrates, hormones, regulatory proteins, cytoskel 
etal proteins, or toxins. "Functional fragments' are meant to 
indicate a portion of the peptide or polypeptide which is 
capable of performing one or more of the functions of the 
peptide or polypeptide, even in the absence of the remainder 
of the peptide or polypeptide. In one embodiment, the func 
tional fragment is sufficient to mediate an intermolecular 
interaction with a target of interest. 
0119. In an alternative embodiment, the peptide binds 
DNA or RNA or a fragment thereof. In one embodiment, the 
DNA or RNA binding peptide may be any of the many known 
in the art including, but not limited to Zinc finger proteins 
Such as Beta-beta-alpha Zinc finger proteins, Nuclear receptor 
proteins, Loop-sheet-helix type protein, and GAL4 type pro 
tein; the Helix-turn-helix proteins such as Cro and repressor 
proteins, LacI purine repressor proteins (PurR). Fold restric 
tion endonuclease (DNA-recognition region), Gamma-delta 
recombinase protein (C-terminal domain), Hin recombinase 
protein, Trp repressor protein, Diptheria tox repressor, 
Catabolite gene activator proteins (CAP), Homeodomain 
proteins, RAP1 protein, Prd paired protein, Tc3 transposase 
protein, TFIIB family, Interferon regulatory factor, Transcrip 
tion factor family, and ETS domain family bacteriophage; 
and the Leucine Zipper proteins such as Basic Zipper proteins 
and Zipper-type proteins (helix-loop-helix). In another 
embodiment, the DNA or RNA binding peptide may be other 
alpha-helix proteins such as Cre recombinase family, Papil 
lomavirus-1 E2 protein, Histone family, Ebnal nuclear pro 
tein family, Skin-1 transcription factor, High mobility group 
family, and MADS box family: Beta-sheet proteins such as 
TATA Box-Binding Proteins: Beta-hairpin/ribbon proteins 
Such as Met repressor protein, TuS replication terminator 
protein, Integration host factor protein, Hyperthermophile 
DNA binding protein, Arc repressor, Transcription factor T 
domain; and other protein families such as Rel homology 
region proteins and Stat family. In another embodiment, the 
DNA or RNA binding peptide may be enzymes such as 
Methyl transferase proteins, PvulI Endonuclease protein, 
Endonuclease V protein, EcoRV Endonuclease family, 
BamHI Endonuclease family, EcoRI endonuclease family, 
DNA mismatch endonuclease, DNA polymerase I protein, 
DNA polymerase T7, Dnase I proteins, DNA polymerase beta 
proteins, Uraci-DNA glycosylase, Methyladenine-DNA gly 
cosylase, Homing endonuclease, and Topoisomerase I or 
viral proteins such as HIV reverse transcriptase. 
0120 In another embodiment, the peptide or polypeptide 

is a transcriptional or translational activator or a fragment 
thereof. In another embodiment, the peptide or polypeptide is 
a transcriptional or translational repressor or a fragment 
thereof. In another embodiment, the peptide or polypeptide is 
a receptor or a fragment thereof. 
0121. In one embodiment, the peptide or polypeptide may 
represent a cognate peptide of any of the peptides or polypep 
tides described hereinabove. A “cognate' peptide is any pep 
tide that interacts and/or binds to another molecule. 

0122) According to other embodiments of the present 
invention, recombinant gene products may be encoded by a 
polynucleotide having a modified nucleotide sequence, as 
compared to a corresponding natural polynucleotide. 
0123. In addition to proteins, recombinant gene products 
may also comprise functional RNA molecules. 

Sep. 26, 2013 

0.124. According to another embodiment of the present 
invention, the formulations and methods of the present inven 
tion may provide a micro-organ producing functional RNA 
molecules. Functional RNA molecules may comprise anti 
sense oligonucleotide sequences, ribozymes comprising the 
antisense oligonucleotide described herein and a ribozyme 
sequence fused thereto. Such a ribozyme is readily synthe 
sizable using Solid phase oligonucleotide synthesis. 
0.125 Ribozymes are being increasingly used for the 
sequence-specific inhibition of gene expression by the cleav 
age of mRNAs encoding proteins of interest Welch et al., 
"Expression of ribozymes in gene transfer systems to modu 
late target RNA levels.” Curr Opin Biotechnol. 1998 October; 
9(5):486-96. The possibility of designing ribozymes to 
cleave any specific target RNA has rendered them valuable 
tools in both basic research and therapeutic applications. In 
the therapeutics area, ribozymes have been exploited to target 
viral RNAS in infectious diseases, dominant oncogenes in 
cancers and specific Somatic mutations in genetic disorders 
Welch et al., “Ribozyme gene therapy for hepatitis C virus 
infection.” Clin Diagn Virol. Jul. 15, 1998; 10(2-3):163–71. 
Most notably, several ribozyme gene therapy protocols for 
HIV patients are already in Phase 1 trials. More recently, 
ribozymes have been used for transgenic animal research, 
gene target validation and pathway elucidation. Several 
ribozymes are in various stages of clinical trials. 
ANGIOZYME was the first chemically synthesized 
ribozyme to be studied in human clinical trials. 
ANGIOZYME specifically inhibits formation of the VEGF-r 
(Vascular Endothelial Growth Factor receptor), a key compo 
nent in the angiogenesis pathway. Ribozyme Pharmaceuti 
cals, Inc., as well as other firms has demonstrated the impor 
tance of anti-angiogenesis therapeutics in animal models. 
HEPTAZYME, a ribozyme designed to selectively destroy 
Hepatitis C Virus (HCV) RNA, was found effective in 
decreasing Hepatitis C viral RNA in cell culture assays. 
0.126. As described hereinabove, in one embodiment, the 
formulations and methods of the present invention provide a 
therapeutic formulation comprising a nucleic acid sequence 
encoding a therapeutic polypeptide. In one embodiment, the 
term “therapeutic' refers to a molecule, which when provided 
to a subject in need, provides a beneficial effect. In some 
cases, the molecule is therapeutic in that it functions to 
replace an absence or diminished presence of Such a molecule 
in a Subject. In one embodiment, the therapeutic protein is that 
of a protein which is absent in a Subject, such as in cases of 
Subjects with an endogenous null or mis-sense mutation of a 
required protein. In other embodiments, the endogenous pro 
tein is mutated, and produces a non-functional protein, com 
pensated for by the provision of the functional protein. In 
other embodiments, expression of a heterologous protein is 
additive to low endogenous levels, resulting in cumulative 
enhanced expression of a given protein. In other embodi 
ments, the molecule stimulates a signaling cascade that pro 
vides for expression, or secretion, or others of a critical ele 
ment for cellular or host functioning. 
I0127. In one embodiment, the term “therapeutic formula 
tion” describes a Substance applicable for use in the diagno 
sis, or in another embodiment, cure, or in another embodi 
ment, mitigation, or in another embodiment, treatment, or in 
another embodiment, prevention of a disease, disorder, con 
dition or infection. In one embodiment, the “therapeutic for 
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mulation of this invention refers to any substance which 
affect the structure or function of the target to which it is 
applied. 
0128. In another embodiment, the “therapeutic formula 
tion' of the present invention is a molecule that alleviates a 
symptom of a disease or disorder when administered to a 
subject afflicted thereof. In one embodiment, the “therapeutic 
formulation of this invention is a synthetic molecule, or in 
another embodiment, a naturally occurring compound iso 
lated from a source found in nature. 
0129. In one embodiment, the therapeutic polypeptide is 
erythropoietin. In one embodiment, the beneficial effect pro 
vided by erythropoietin is increased Hb levels. In one 
embodiment, the beneficial effect provided by erythropoietin 
is treatment of anemia. 
0130. In another embodiment, the therapeutic polypeptide 

is interferon alpha, which in one embodiment, is interferon 
alpha2b. In one embodiment, said therapeutic polypeptide is 
any other therapeutic polypeptide. 
0131. In one embodiment, “treatment” refers to both 
therapeutic treatment and prophylactic or preventative mea 
Sures, wherein the object is to prevent or lessen the targeted 
pathologic condition or disorder as described hereinabove. 
Thus, in one embodiment, treating may include directly 
affecting or curing, Suppressing, inhibiting, preventing, 
reducing the severity of delaying the onset of reducing 
symptoms associated with the disease, disorder or condition, 
or a combination thereof. Thus, in one embodiment, “treat 
ing refers inter alia to delaying progression, expediting 
remission, inducing remission, augmenting remission, speed 
ing recovery, increasing efficacy of or decreasing resistance 
to alternative therapeutics, or a combination thereof. In one 
embodiment, “preventing refers, inter alia, to delaying the 
onset of symptoms, preventing relapse to a disease, decreas 
ing the number or frequency of relapse episodes, increasing 
latency between symptomatic episodes, or a combination 
thereof. In one embodiment, “suppressing or “inhibiting, 
refers interalia to reducing the severity of symptoms, reduc 
ing the severity of an acute episode, reducing the number of 
symptoms, reducing the incidence of disease-related Symp 
toms, reducing the latency of symptoms, ameliorating Symp 
toms, reducing secondary symptoms, reducing secondary 
infections, prolonging patient Survival, or a combination 
thereof. 
0.132. In one embodiment, symptoms are primary, while in 
another embodiment, symptoms are secondary. In one 
embodiment, “primary” refers to a symptom that is a direct 
result of a particular disease, while in one embodiment: “sec 
ondary” refers to a symptom that is derived from or conse 
quent to a primary cause. In one embodiment, the compounds 
for use in the present invention treat primary or secondary 
symptoms or secondary complications related to the disease. 
In another embodiment, 'symptoms” may be any manifesta 
tion of a disease or pathological condition. 
0133. In one embodiment, a therapeutic nucleic acid may 
encode a therapeutic polypeptide, which may in one embodi 
ment, comprise an enzyme, an enzyme cofactor, a cytotoxic 
protein, an antibody, a channel protein, a transporter protein, 
a growth factor, a hormone, a cytokine, a receptor, a mucin, a 
Surfactant, an aptamer or a hormone. In another embodiment, 
the therapeutic polypeptide may be of one or more of the 
categories as described above. In another embodiment, a 
therapeutic nucleic acid may encode functional RNA as 
described hereinbelow. 
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I0134. In one embodiment, the term “antibody or antibody 
fragment” refers to intact antibody molecules as well as func 
tional fragments thereof, such as Fab, F(ab')2, and Fv that are 
capable of binding to an epitope. In one embodiment, an Fab 
fragment refers to the fragment which contains a monovalent 
antigen-binding fragment of an antibody molecule, which 
can be produced by digestion of whole antibody with the 
enzyme papain to yield an intact light chain and a portion of 
one heavy chain. In one embodiment, Fab' fragment refers to 
apart of an antibody molecule that can be obtained by treating 
whole antibody with pepsin, followed by reduction, to yield 
an intact light chain and a portion of the heavy chain. Two Fab' 
fragments may be obtained per antibody molecule. In one 
embodiment, (Fab') refers to a fragment of an antibody that 
can be obtained by treating whole antibody with the enzyme 
pepsin without Subsequent reduction. In another embodi 
ment, F(ab') is a dimer of two Fab' fragments held together 
by two disulfide bonds. In one embodiment, Fv, may refer to 
a genetically engineered fragment containing the variable 
region of the light chain and the variable region of the heavy 
chain expressed as two chains. In one embodiment, the anti 
body fragment may be a single chain antibody (“SCA), a 
genetically engineered molecule containing the variable 
region of the light chain and the variable region of the heavy 
chain, linked by a suitable polypeptide linker as a genetically 
fused single chain molecule. 
0.135 Methods of making these fragments are known in 
the art. (See for example, Harlow and Lane, Antibodies: A 
Laboratory Manual, Cold Spring Harbor Laboratory, New 
York, 1988, incorporated herein by reference). 
0.136. In one embodiment, the antibody will recognize an 
epitope, which in another embodiment, refers to antigenic 
determinant on an antigen to which the paratope of an anti 
body binds. Epitopic determinants may, in other embodi 
ments, consist of chemically active Surface groupings of mol 
ecules such as amino acids or carbohydrate side chains and in 
other embodiments, may have specific three dimensional 
structural characteristics, and/or in other embodiments, have 
specific charge characteristics. 
0.137 In one embodiment, the epitope recognized is from 
a pathogen, or in another embodiment, a pathogenic cell, or in 
another embodiment, a protein aberrantly expressed, which, 
in another embodiment, may refer to the location, quantity, or 
combination thereof of expression. 
0.138 Another form of an antibody fragment is a peptide 
coding for a single complementarity-determining region 
(CDR). CDR peptides (“minimal recognition units) can be 
obtained by constructing genes encoding the CDR of an anti 
body of interest. Such genes are prepared, for example, by 
using the polymerase chain reaction to synthesize the variable 
region from RNA of antibody-producing cells. See, for 
example, Larrick and Fry, Methods, 2: 106-10, 1991. 
0.139. In one embodiment, the antibody is tumoricidal, and 

is thereby therapeutic in certain cancers. Antibodies that pos 
sess tumoricidal activity are also known in the art, the use of 
any of which may represent an embodiment of this invention, 
including IMC-C225, EMD 72000, OvaRex Mab B43.13, 
anti-ganglioside G(D2) antibody ch14.18, C017-1A, trastu 
Zumab, rhuMAb VEGF, sc-321, AF349, BAF349, AF743, 
BAFT43, MAB743, AB1875, Anti-Flt-4AB3127, FLT41-A, 
rituximab, 203, CAMPATH 1H, 2G7, Alpha IR-3, ABX 
EGF, MDX-447, anti-p75 IL-2R, anti-p64 IL-2R, and 2A11. 
0140. In one embodiment, the “therapeutic nucleic acid 
of this invention may encode or the “therapeutic polypeptide' 



US 2013/025 1679 A1 

may be molecules that serve as antihypertensives, antidepres 
sants, antianxiety agents, anticlotting agents, anticonvul 
sants, blood glucose-lowering agents, decongestants, antihis 
tamines, antitussives, anti-inflammatories, antipsychotic 
agents, cognitive enhancers, cholesterol-reducing agents, 
antiobesity agents, autoimmune disorder agents, anti-impo 
tence agents, antibacterial and antifungal agents, hypnotic 
agents, anti-Parkinsonism agents, antibiotics, antiviral 
agents, anti-neoplastics, barbituates, sedatives, nutritional 
agents, beta blockers, emetics, anti-emetics, diuretics, anti 
coagulants, cardiotonics, androgens, corticoids, anabolic 
agents, growth hormone secretagogues, anti-infective agents, 
coronary vasodilators, carbonic anhydrase inhibitors, anti 
protozoals, gastrointestinal agents, serotonin antagonists, 
anesthetics, hypoglycemic agents, dopaminergic agents, anti 
Alzheimer's Disease agents, anti-ulceragents, plateletinhibi 
tors and glycogen phosphorylase inhibitors. 
0141. In one embodiment, the “therapeutic formulation' 
of this invention is antibacterial, antiviral, antifungal or anti 
parasitic. In another embodiment, the therapeutic formulation 
has cytotoxic or anti-cancer activity. In another embodiment, 
the therapeutic formulation is immunostimulatory. In another 
embodiment, the therapeutic formulation inhibits inflamma 
tory or immune responses. 
0142. In one embodiment, the therapeutic nucleic acids 
may encode or the therapeutic polypeptides may be cytok 
ines, such as interferons or interleukins, or their receptors. 
Lack of expression of cytokines, or of the appropriate ones, 
has been implicated in susceptibility to diseases, and 
enhanced expression may lead to resistance to a number of 
infections. Expression patterns of cytokines may be altered to 
produce a beneficial effect, Such as for example, a biasing of 
the immune response towarda Th1 type expression pattern, or 
a Th2 pattern in infection, or in autoimmune disease, wherein 
altered expression patterns may prove beneficial to the host. 
0143. In another embodiment, the therapeutic nucleic acid 
may encode or the therapeutic polypeptide may be an 
enzyme. Such as one involved in glycogen storage or break 
down. In another embodiment, the therapeutic protein com 
prises a transporter, Such as an ion transporter, for example 
CFTR, or a glucose transporter, or other transporters whose 
deficiency, or inappropriate expression, results in a variety of 
diseases. 
0144. In another embodiment, the therapeutic nucleic acid 
encodes or the therapeutic polypeptide is a tumor suppressor 
or pro-apoptotic compound, which alters progression of can 
cer-related events. 
0145. In another embodiment, the therapeutic nucleic acid 
of the present invention may encode or the therapeutic 
polypeptide may be an immunomodulating protein. In one 
embodiment, the immunomodulating protein comprises 
cytokines, chemokines, complement or components. Such as 
interleukins 1 to 15, interferons alpha, beta or gamma, tumour 
necrosis factor, granulocyte-macrophage colony stimulating 
factor (GM-CSF), macrophage colony stimulating factor 
(M-CSF), granulocyte colony stimulating factor (G-CSF), 
chemokines Such as neutrophil activating protein (NAP), 
macrophage chemoattractant and activating factor (MCAF), 
RANTES, macrophage inflammatory peptides MIP-1a and 
MIP-1b, or complement components. 
0146 In another embodiment, a therapeutic nucleic acid 
of this invention may encode or a therapeutic polypeptide 
may be a growth factor, or tissue-promoting factor. In one 
embodiment, the therapeutic compound is a bone morphoge 
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netic protein, or OP-1, OP-2, BMP-5, BMP-6, BMP-2, BMP 
3, BMP-4, BMP-9, DPP Vg-1, 60A, or Vgr-1. In another 
embodiment, the therapeutic nucleic acid encodes an RNA or 
peptide that facilitates nerve regeneration or repair, and may 
include NGF, or other growth factors. In another embodi 
ment, the therapeutic polypeptide facilitates nerve regenera 
tion or repair, and may include NGF, or other growth factors. 
0.147. In another embodiment, the therapeutic nucleic acid 
may encode or the therapeutic polypeptide may be natural or 
non-natural insulins, amylases, proteases, lipases, kinases, 
phosphatases, glycosyl transferases, trypsinogen, chymot 
rypsinogen, carboxypeptidases, hormones, ribonucleases, 
deoxyribonucleases, triacylglycerol lipase, phospholipase 
A2, elastases, amylases, blood clotting factors, UDPglucu 
ronyl transferases, ornithine transcarbamoylases, cyto 
chrome p450 enzymes, adenosine deaminases, serum thymic 
factors, thymic humoral factors, thymopoietins, growth hor 
mones, somatomedins, costimulatory factors, antibodies, 
colony stimulating factors, erythropoietin, epidermal growth 
factors, hepatic erythropoietic factors (hepatopoietin), liver 
cell growth factors, interleukins, interferons, negative growth 
factors, fibroblast growth factors, transforming growth fac 
tors of the C. family, transforming growth factors of the B 
family, gastrins, secretins, cholecystokinins, somatostatins, 
serotonins, Substance P, transcription factors or combinations 
thereof. 
0.148. In another embodiment, the gene comprises a 
reporter gene. In one embodiment, the reporter gene encodes 
a fluorescent protein. In one embodiment, the fluorescent 
protein is yECitrine or a yellow fluorescent protein. In one 
embodiment, the fluorescent protein is the jellyfish green 
fluorescent protein, or a mutant or variant thereof. In another 
embodiment, the GMMOs specifically may comprise any 
gene other than a reporter gene or a gene encoding a reporter 
protein. 
0149. In another embodiment, the reporter gene confers 
drug resistance. In one embodiment, the reporter gene confers 
resistance to an antibiotic, Such as, for example, amplicilin, 
kanamycin, tetracycline, or others, as will be appreciated by 
one skilled in the art. In another embodiment, the antibiotic 
resistance genes may include those conferring resistance to 
neomycin (neo), blasticidin, spectinomycin, erythromycin, 
phleomycin, Tn917, gentamycin, and bleomycin. An 
example of the neomycin resistance gene is the neomycin 
resistance gene of transposon Tn5 that encodes for neomycin 
phosphotransferase 11, which confers resistance to various 
antibiotics, including G418 and kanamycin. In another 
embodiment, the reporter is a chloramphenicol acetyl trans 
ferase gene (cat) and confers resistance to chloramphenicol. 
0150. In one embodiment, the formulations and methods 
of this invention are for prevention of, or therapeutic inter 
vention of viral infection, or in another embodiment, bacte 
rial, parasitic, or fungal infection, or a combination thereof. 
0151. According to this aspect of the invention, the formu 
lations and methods of this invention are for prevention of, or 
therapeutic intervention in disease. In one embodiment, the 
disease for which the subject is thus treated may comprise, but 
is not limited to: muscular dystrophy, cancer, cardiovascular 
disease, hypertension, infection, renal disease, neurodegen 
erative disease, such as Alzheimer's disease, Parkinson's dis 
ease, Huntington's chorea, Creurtfeld-Jacob disease, autoim 
mune disease. Such as lupus, rheumatoid arthritis, 
endocarditis, Graves disease or ALD, respiratory disease 
Such as asthma or cystic fibrosis, bone disease, such as 
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osteoporosis, joint disease, liver disease, disease of the skin, 
Such as psoriasis or eczema, ophthalmic disease, otolaryngeal 
disease, other neurological disease such as Turret syndrome, 
Schizophrenia, depression, autism, or Stoke, or metabolic dis 
ease Such as a glycogen storage disease or diabetes. It is to be 
understood that any disease whereby expression of a particu 
lar protein, provision of a therapeutic protein, provision of a 
drug, inhibition of expression of a particular protein, etc., 
which can be accomplished via the formulations of this inven 
tion and according to the methods of this invention, is to be 
considered as part of this invention. 
0152. In one embodiment, the formulations and methods 
of the instant invention comprise a nucleic acid sequence 
operably linked to one or more regulatory sequences. In one 
embodiment, a nucleic acid molecule introduced into a cell of 
a micro-organis in a form Suitable for expression in the cell of 
the gene product encoded by the nucleic acid. Accordingly, in 
one embodiment, the nucleic acid molecule includes coding 
and regulatory sequences required for transcription of a gene 
(or portion thereof). When the gene product is a protein or 
peptide, the nucleic acid molecule includes coding and regu 
latory sequences required for translation of the nucleic acid 
molecule include promoters, enhancers, polyadenylation sig 
nals, sequences necessary for transport of an encoded protein 
or peptide, for example N-terminal signal sequences for 
transport of proteins or peptides to the surface of the cell or 
secretion, in one embodiment. 
0153. Nucleotide sequences which regulate expression of 
a gene product (e.g., promoter and enhancer sequences) are 
selected based upon the type of cell in which the gene product 
is to be expressed and the desired level of expression of the 
gene product. For example, a promoter known to confer cell 
type specific expression of a gene linked to the promoter can 
be used. A promoter specific for myoblast gene expression 
can be linked to a gene of interest to confer muscle-specific 
expression of that gene product. Muscle-specific regulatory 
elements which are known in the art include upstream regions 
from the dystrophin gene (Klamut et al., (1989) Mol. Cell. 
Biol. 9:2396), the creatine kinase gene (Buskin and Haus 
chka, (1989) Mol. Cell. Biol. 9:2627) and the troponin gene 
(Mar and Ordahl, (1988) Proc. Natl. Acad. Sci. USA. 
85:6404). Negative response elements in keratin genes medi 
ate transcriptional repression (Jho Sh et al. (2001). J. Biol 
Chem). Regulatory elements specific for other cell types are 
known in the art (e.g., the albumin enhancer for liver-specific 
expression; insulin regulatory elements for pancreatic islet 
cell-specific expression; various neural cell-specific regula 
tory elements, including neural dystrophin, neural enolase 
and A4 amyloid promoters). Alternatively, a regulatory ele 
ment which can direct constitutive expression of a gene in a 
variety of different cell types, such as a viral regulatory ele 
ment, can be used. Examples of viral promoters commonly 
used to drive gene expression include those derived from 
polyoma virus, Adenovirus 2, cytomegalovirus (CMV) and 
Simian Virus 40, and retroviral LTRs. Alternatively, a regu 
latory element which provides inducible expression of a gene 
linked thereto can be used. The use of an inducible regulatory 
element (e.g., an inducible promoter) allows for modulation 
of the production of the gene product in the cell. Examples of 
potentially useful inducible regulatory systems for use in 
eukaryotic cells include hormone-regulated elements (e.g., 
see Mader, S, and White, J. H. (1993) Proc. Natl. Acad. Sci. 
USA 90:5603-5607), synthetic ligand-regulated elements 
(see, e.g., Spencer, D. M. etal 1993) Science 262:1019-1024) 
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and ionizing radiation-regulated elements (e.g., see Manome, 
Y. Etal. (1993) Biochemistry 32:10607-10613; Datta, R. et al. 
(1992) Proc. Natl. Acad. Sci. USA 89:1014-10153). Addi 
tional tissue-specific or inducible regulatory systems which 
may be developed can also be used in accordance with the 
invention. 
0154) In one embodiment, a regulatory sequence of the 
instant invention may comprise a CMV promoter, while in 
another embodiment; the regulatory sequence may comprise 
a CAG promoter. In one embodiment, a CAG promoter is a 
composite promoter that combines the human cytomegalovi 
rus immediate-early enhancer and a modified chicken beta 
actin promoter and first intron. In one embodiment, a regula 
tory sequence may comprise a simian virus (SV)-40 
polyadenylation sequence, which in one embodiment, is the 
mechanism by which most messenger RNA molecules are 
terminated at their 3' ends in eukaryotes. In one embodiment, 
the polyadenosine (poly-A) tail protects the mRNA molecule 
from exonucleases and is important for transcription termi 
nation, for export of the mRNA from the nucleus, and for 
translation. In another embodiment, a formulation of the 
present invention may comprise one or more regulatory 
sequences. In one embodiment, a regulatory sequence of this 
invention comprises SEQID No. 12. In another embodiment, 
a regulatory sequence of this invention comprises SEQ ID 
No. 13. 

0.155. In one embodiment, formulations of the instant 
invention comprising CMV or CAG promoters in conjunc 
tion with SV40 polyadenylation sequence demonstrate long 
term, high in vitro (FIGS. 1, 5, and 6B) and in vivo (FIG. 6A) 
expression levels of EPO and IFN-alpha. Without being 
bound by theory, one factor that may contribute to the long 
lasting, high levels of gene product from micro-organs of the 
instant invention is the use of CMV, or alternatively, CAG as 
a promoter, which may be especially effective in micro-organ 
explants in promoting constitutive gene expression. 
0156. In one embodiment, the term “promoter” refers to a 
DNA sequence, which, in one embodiment, is directly 
upstream of the coding sequence and is important for basal 
and/or regulated transcription of a gene. In one embodiment, 
a promoter of the present invention is operatively linked to a 
gene of interest. In another embodiment, the promoter is a 
mutant of the endogenous promoter, which is normally asso 
ciated with expression of the gene of interest, under the appro 
priate conditions. 
0157. In one embodiment, a promoter of the compositions 
and for use in the methods of the present invention is a 
regulatable promoter. In another embodiment, a regulatable 
promoter refers to a promoter whereby expression of a gene 
downstream occurs as a function of the occurrence or provi 
sion of specific conditions which stimulate expression from 
the particular promoter. In some embodiments, such condi 
tions result in directly turning on expression, or in other 
embodiments, remove impediments to expression. In some 
embodiments. Such conditions result in turning off, or reduc 
ing expression. 
0158. In one embodiment, such conditions may comprise 
specific temperatures, nutrients, absence of nutrients, pres 
ence of metals, or other stimuli or environmental factors as 
will be known to one skilled in the art. In one embodiment, a 
regulatable promoter may be regulated by galactose (e.g. 
UDP-galactose epimerase (GAL10), galactokinase (GAL1)), 
glucose (e.g. alcohol dehydrogenase II (ADH2)), or phos 
phate (e.g. acid phosphatase (PHO5)). In another embodi 
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ment, a regulatable promoter may be activated by heat shock 
(heat shock promoter) or chemicals such as IPTG or Tetracy 
cline, or others, as will be known to one skilled in the art. It is 
to be understood that any regulatable promoter and conditions 
for Such regulation is encompassed by the vectors, nucleic 
acids and methods of this invention, and represents an 
embodiment thereof. 

0159. In one embodiment, the formulations and methods 
of the instant invention increase the levels of a therapeutic 
polypeptide or nucleic acid by at least 5% over basal levels. In 
another embodiment, the levels of a therapeutic polypeptide 
or nucleic acid are increased by at least 7%, in another 
embodiment, by at least 10%, in another embodiment, by at 
least 15%, in another embodiment, by at least 20%, in another 
embodiment, by at least 25%, in another embodiment, by at 
least 30%, in another embodiment, by at least 40%, in another 
embodiment, by at least 50%, in another embodiment, by at 
least 60%, in another embodiment, by at least 75%, in another 
embodiment, by at least 100%, in another embodiment, by at 
least 125%, in another embodiment, by at least 150% over 
basal levels, in another embodiment, by at least 200% over 
basal levels. In still another embodiment, the formulations 
and methods of the instant invention increase the level of a 
therapeutic polypeptide or nucleic acid upon administration, 
wherein the level of the therapeutic polypeptide or nucleic 
acid then returns to basal or near basal levels. In one embodi 
ment, the return to basal or near basal levels occurs within one 
month of administration of the therapeutic peptide or nucleic 
acid. 

0160. In one embodiment, expression of a therapeutic 
polypeptide or nucleic acid via the formulation of the present 
invention is increased compared to “basal levels', which in 
one embodiment, are levels of the gene expressed in hosts or 
cell culture that had not been administered or otherwise con 
tacted with the therapeutic formulation of the present inven 
tion. 

0161. In another embodiment, the formulations and meth 
ods of the instant invention increase the levels ofatherapeutic 
polypeptide or nucleic acid to approximately 2000 ng/day, or 
in another embodiment, 1500 ng/day, or in another embodi 
ment, 1000 ng/day, or in another embodiment, 750 ng/day, or 
in another embodiment, 500 ng/day, or in another embodi 
ment, 250 ng/day, or in another embodiment, 150 ng/day, or 
in another embodiment, 100 ng/day, or in another embodi 
ment, 75 ng/day, or in another embodiment, 50 ng/day, or in 
another embodiment, 25 ng/day. In another embodiment, he 
formulations and methods of the instant invention increase 
the levels of a therapeutic polypeptide to between 20-70 
mU/mL, or in another embodiment, 50-100 mU/mL, or in 
another embodiment, 5-20 mU/mL, or in another embodi 
ment, 100-200 mU/mL, or in another embodiment, 10-70 
mU/mL, or in another embodiment, 5-80 mU/mL. In another 
embodiment, the formulations and methods of the instant 
invention increase the levels of a therapeutic polypeptide to 
between 500-1000 mU/mL, or in another embodiment, 250 
750 m U/mL, or in another embodiment, 500-5000 mU/mL. 
0162. In one embodiment, the formulations and methods 
of the instant invention increase the levels of a functional 
marker, which in one embodiment, is hematocrit levels, by at 
least 5% over basal levels. In another embodiment, the levels 
of the functional marker are increased by at least 7%, in 
another embodiment, by at least 10%, in another embodi 
ment, by at least 15%, in another embodiment, by at least 
20%, in another embodiment, by at least 25%, in another 
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embodiment, by at least 30%, in another embodiment, by at 
least 40%, in another embodiment, by at least 50%, in another 
embodiment, by at least 60%, in another embodiment, by at 
least 75%, in another embodiment, by at least 100%, in 
another embodiment, by at least 125%, in another embodi 
ment, by at least 150% over basal levels, in another embodi 
ment, by at least 200% over basal levels. 
0163. In one embodiment, the therapeutic formulation of 
the present invention is "long-lasting, which in one embodi 
ment refers to a formulation that can increase secretion, 
expression, production, circulation or persistence of a thera 
peutic polypeptide or nucleic acid In one embodiment, 
expression levels of a therapeutic polypeptide or nucleic acid 
are increased over basal levels for at least one month, or in 
another embodiment, for at least six months. In one embodi 
ment, the increase is for 90% of the month. In another 
embodiment, the increase is for 90% of six months. In yet 
another embodiment, the increase is for 90% of any time 
period measured. In still another embodiment, the increase is 
for 80% of the time period measured. In a further embodi 
ment, the increase is for 70% of the time period measured. In 
another embodiment, the increase is for 60% of the time 
period measured. Inayetanother embodiment, the increase is 
for 50% of the time period measured. 
0164. In another embodiment, the therapeutic formulation 
of the present invention is "long-lasting, which in one 
embodiment refers to a formulation that can increase secre 
tion, expression, production, circulation or persistence of a 
target molecule of the therapeutic polypeptide or nucleic acid. 
For instance, a target molecule may be a polypeptide, an 
RNA, a glycoprotein, a peptide, a glycosaminoglycan, pro 
tein-RNA complex, a DNA, or any downstream molecule 
synthesized by a cell, or any combination thereof. For 
example, when the therapeutic polypeptide is erythropoietin, 
a target molecule may be Hb. Accordingly, in one embodi 
ment, along-lasting formulation of the present invention may 
increase production, circulation or persistence of Hb in a 
Subject. 
0.165. In one embodiment, increase of a target molecule 
over basal levels is for at least one month, or in another 
embodiment, for at least six months. In one embodiment, the 
increase is for 90% of the month. In another embodiment, the 
increase is for 90% of six months. In yet another embodiment, 
the increase is for 90% of any time period measured. In still 
another embodiment, the increase is for 80% of the time 
period measured, e.g., one month, six months or a year. In a 
further embodiment, the increase is for 70% of the time 
period measured, e.g., one month, six months or a year. In 
another embodiment, the increase is for 60% of the time 
period measured, e.g., one month, six month or a year. Inayet 
another embodiment, the increase is for 50% of the time 
period measured, e.g., one month, six months or a year. 
0166 In yet another embodiment of the invention, the 
therapeutic formulation of the present invention is "long 
lasting, which refers to a formulation that can increase secre 
tion, expression, production, circulation or persistence of a 
functional marker. In one embodiment, the functional marker 
is hematocrit. In another embodiment, the functional marker 
is Hb. In yet another embodiment, the levels of a functional 
marker, for example hematocrit or Hb, are increased for at 
least 2 weeks, in another embodiment, for at least 3 weeks, in 
another embodiment, for at least 4 weeks, in another embodi 
ment, for at least 5 weeks, in another embodiment, for at least 
6 weeks, in another embodiment, for at least 8 weeks, in 
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another embodiment, for at least 2 months, in another 
embodiment, for at least 2 months in another embodiment, for 
at least 2 months in another embodiment, for at least 3 months 
in another embodiment, for at least 4 months, in another 
embodiment, for at least 5 months, in another embodiment, 
for at least 7 months, in another embodiment, for at least 8 
months, in another embodiment, for at least 9 months, in 
another embodiment, for at least 10 months, in another 
embodiment, for at least 11 months, or, in another embodi 
ment, for at least 1 year. In another embodiment, expression 
levels of a therapeutic polypeptide or nucleic acid are 
increased for at least 4-6 months. 

0167. In one embodiment, increase of the functional 
marker, e.g., Hb, over basal levels is reflected in 90% of 
measurements made during any time period. In still another 
embodiment, the increase is reflected in 80% of the measure 
ments made during any time period, e.g., one month, six 
months or a year. In a further embodiment, the increase is 
reflected in 70% of the measurements made during any time 
period, e.g., one month, six months or a year. In another 
embodiment, the increase is reflected in 60% of the measure 
ments made during any time period, e.g., one month, six 
month or a year. In a yet another embodiment, the increase is 
reflected in 50% of the measurements made during any time 
period, e.g., one month, six months or a year. 
0.168. In one embodiment, the nucleic acid sequence 
encoding a therapeutic polypeptide or nucleic acid is opti 
mized for increased levels of therapeutic polypeptide or 
nucleic acid expression, or, in another embodiment, for 
increased duration of therapeutic polypeptide or nucleic acid 
expression, or, in another embodiment, a combination 
thereof. 
0169. In one embodiment, the term “optimized refers to a 
desired change, which, in one embodiment, is a change in 
gene expression and, in another embodiment, in protein 
expression. In one embodiment, optimized gene expression is 
optimized regulation of gene expression. In another embodi 
ment, optimized gene expression is an increase in gene 
expression. According to this aspect and in one embodiment, 
a 2-fold through 1000-fold increase in gene expression com 
pared to wild-type is contemplated. In another embodiment, a 
2-fold to 500-fold increase in gene expression, in another 
embodiment, a 2-fold to 100-fold increase in gene expres 
sion, in another embodiment, a 2-fold to 50-fold increase in 
gene expression, in another embodiment, a 2-fold to 20-fold 
increase in gene expression, in another embodiment, a 2-fold 
to 10-fold increase in gene expression, in another embodi 
ment, a 3-fold to 5-fold increase in gene expression is con 
templated. 
0170 In another embodiment, optimized gene expression 
may be an increase in gene expression under particular envi 
ronmental conditions. In another embodiment, optimized 
gene expression may comprise a decrease in gene expression, 
which, in one embodiment, may be only under particular 
environmental conditions. 
0171 In another embodiment, optimized gene expression 

is an increased duration of gene expression. According to this 
aspect and in one embodiment, a 2-fold through 1000-fold 
increase in the duration of gene expression compared to wild 
type is contemplated. In another embodiment, a 2-fold to 
500-fold increase in the duration of gene expression, in 
another embodiment, a 2-fold to 100-fold increase in the 
duration of gene expression, in another embodiment, a 2-fold 
to 50-fold increase in the duration of gene expression, in 
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another embodiment, a 2-fold to 20-fold increase in the dura 
tion of gene expression, in another embodiment, a 2-fold to 
10-fold increase in the duration of gene expression, in another 
embodiment, a 3-fold to 5-fold increase in the duration of 
gene expression is contemplated. In another embodiment, the 
increased duration of gene expression is compared to gene 
expression in non-vector-expressing controls, or alterna 
tively, compared to gene expression in wild-type-vector-ex 
pressing controls. 
0172 Expression in mammalian cells is hampered, in one 
embodiment, by transcriptional silencing, low mRNA half 
life, alternative splicing events, premature polyadenylation, 
inefficient nuclear translocation and availability of rare 
tRNAs pools. The source of many problems in mammalian 
expressions is found within the message encoding the trans 
gene including in the autologous expression of many crucial 
mammalian genes as well. The optimization of mammalian 
RNAS may include modification of cis acting elements, adap 
tation of its GC-content, modifying codon bias with respect to 
non-limiting tRNAS pools of the mammalian cell, avoiding 
internal homologous regions and excluding RNAis. 
0173 Therefore, in one embodiment, when relying on 
carefully designed synthetic genes, stable messages with pro 
longed half-lives, constitutive nuclear export and high level 
protein production within the mammalian host can be 
expected. 
0.174 Thus, in one embodiment, optimizing a gene entails 
adapting the codon usage to the codon bias of host genes, 
which in one embodiment, are Homo sapiens genes; adjusting 
regions of very high (>80%) or very low (<30%) GC content; 
avoiding one or more of the following cis-acting sequence 
motifs: internal TATA-boxes, chi-sites and ribosomal entry 
sites: AT-rich or GC-rich sequence stretches; ARE, INS, CRS 
sequence elements; repeat sequences and RNA secondary 
structures; (cryptic) splice donor and acceptor sites, branch 
points; or a combination thereof. In one embodiment, a gene 
is optimized for expression in homo sapien cells. In another 
embodiment, a gene is optimized for expression in micro 
organs. In yet another embodiment, a gene is optimized for 
expression in dermal cells. In still another embodiment, opti 
mizing a gene expression entails adding sequence elements to 
flanking regions of a gene and/or elsewhere in the expression 
vector. Sequence elements that may be added for optimizing 
gene expression include, for example, matrix-attached 
regions (MAR), specialized chromatin structures (SCS) and 
woodchuck hepatitis post-transcriptional regulatory ele 
ments (WPRE). 
0.175. In one embodiment, as demonstrated herein, opti 
mized genes. Such as EPO, maintain an increase percent of 
peak expression levels for an extended period of time com 
pared to both non-optimized EPO expressed from a gutless 
adenovirus vector or non-optimized EPO expressed from an 
adenovirus 5 vector (FIGS. 3 and 4). 
0176). In one embodiment, the term “gene' refers to a 
nucleic acid fragment that is capable of being expressed as a 
specific protein, including regulatory sequences preceding (5' 
non-coding sequences) and following (3' non-coding 
sequences) the coding sequence. “Native gene' refers to a 
gene as found in nature with its own regulatory sequences. 
"Chimeric gene' refers to any gene that is not a native gene, 
comprising regulatory and coding sequences that are not 
found together in nature. Accordingly, a chimeric gene may 
comprise regulatory sequences and coding sequences that are 
derived from different sources, or regulatory sequences and 
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coding sequences derived from the same source, but arranged 
in a manner different than that found in nature. "Endogenous 
gene' refers to a native gene in its natural location in the 
genome of an organism. A “foreign' gene refers to a gene not 
normally found in the host organism, but that is introduced 
into the host organism by gene transfer. Foreign genes can 
comprise native genes inserted into a non-native organism, or 
chimeric genes. A “transgene' is a gene that has been intro 
duced into the genome by a transformation procedure. 
0177. In one embodiment, the therapeutic nucleic acid 
may be any gene which encodes an RNA molecule (sense or 
antisense), peptide, polypeptide, glycoprotein, lipoprotein or 
combination thereof or to any other post modified polypep 
tide. In one embodiment of the invention, the gene of interest 
may be naturally expressed in the tissue sample. In another 
embodiment of this invention, the tissue sample may be 
genetically engineered so that at least one cell will express the 
gene of interest, which is either not naturally expressed by the 
cell or has an altered expression profile within the cell. In one 
embodiment, the therapeutic nucleic acid of the present 
invention may encode or the therapeutic polypeptide may be 
any of the proteins listed in U.S. patent application Ser. No. 
10/376,506, which is incorporated herein by reference in its 
entirety. 
0178. In one embodiment, the genetically modified micro 
organ is a genetically modified dermal micro-organ. “Der 
mal micro-organs (DMO) may comprise a plurality of 
dermis components, where in one embodiment; dermis is the 
portion of the skin located below the epidermis. These com 
ponents may comprise skin fibroblast, epithelial cells, other 
cell types, bases of hair follicles, nerve endings, Sweat and 
sebaceous glands, and blood and lymph vessels. In one 
embodiment, a dermal micro-organ may comprise fat tissue, 
wherein in another embodiment, a dermal micro-organ may 
not comprise fat tissue. 
0179. In some embodiments of the invention, the dermal 
micro-organ may contain tissue of a basal epidermal layer 
and, optionally, other epidermal layers of the skin. In other 
embodiments, the dermal micro-organ does not include basal 
layer tissue. In another embodiment of the invention, the 
dermal micro-organ does not include epidermal layers. In yet 
another embodiment, the dermal micro-organ contains an 
incomplete epidermal layer. In still another embodiment, the 
dermal micro-organ may contain a few layers of epidermal 
tissue. In still another embodiment, the dermal micro-organ 
may contain invaginations of the epidermis into the dermis. In 
a further embodiment, the dermal micro-organ may include 
additional components such as Sweat glands and/or hair fol 
licles. 

0180. In one embodiment of the invention, the DMO 
includes the entire cross-section of the dermis. In another 
embodiment of the invention, the dermal micro-organ 
includes part of the cross-section of the dermis. In a further 
embodiment, the DMO includes most of the cross section of 
the dermis, namely, most of the layers and components of the 
dermis including the papillary and reticular dermis. In a fur 
ther embodiment, the DMO includes primarily dermal tissue, 
but may also include fat tissue. In some embodiments of the 
invention, the DMO does not produce keratin or produces a 
negligible amount of keratin, thereby preventing the forma 
tion of keratin cysts following implantation in a recipient, for 
example, following Subcutaneous or intradermal implanta 
tion. Further details regarding dermal micro-organs, includ 
ing methods of harvesting, maintaining in culture, and 
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implanting said dermal micro-organs, are described in PCT 
Patent Application WO2004/099363, which is incorporated 
herein by reference in its entirety. 
0181. In another embodiment, the invention provides a 
method of providing a therapeutic polypeptide to a subject in 
need over a Sustained period comprising providing one or 
more genetically modified micro-organs, said micro-organs 
comprising a vector comprising a nucleic acid sequence oper 
ably linked to one or more regulatory sequences; and implant 
ing said genetically modified micro-organ in said Subject, 
wherein said nucleic acid sequence encodes a therapeutic 
polypeptide and whereby the expression level of the thera 
peutic nucleic acid or polypeptide is increased by more than 
5% over basal leveland said increase is maintained for greater 
than one month. In another embodiment, the invention pro 
vides a method of providing a therapeutic polypeptide to a 
Subject in need over a Sustained period comprising providing 
one or more genetically modified micro-organs, said micro 
organs comprising a vector comprising a nucleic acid 
sequence operably linked to one or more regulatory 
sequences; and implanting said genetically modified micro 
organ in said Subject, wherein said nucleic acid sequence 
encodes a therapeutic polypeptide and wherein said vector is 
a helper-dependent adenovirus vector. In another embodi 
ment, the invention provides a method of providing a thera 
peutic polypeptide to a Subject in need overa Sustained period 
comprising providing one or more genetically modified 
micro-organs, said micro-organs comprising a vector com 
prising a nucleic acid sequence operably linked to one or 
more regulatory sequences; and implanting said genetically 
modified micro-organ in said subject, wherein said nucleic 
acid sequence encodes atherapeutic polypeptide and wherein 
said vector is a helper-dependent adenovirus vector. 
0182. In another embodiment, the methods described 
hereinabove provide a therapeutic nucleic acid to a subject in 
need wherein the expression level of the therapeutic nucleic 
acid or polypeptide is increased by more than 5% over basal 
leveland said increase is maintained for greater than one hour, 
3 hours, 6 hours, 9 hours, 12 hours, 18 hours, 1 day, or 2 days, 
wherein said vector is a helper-dependent adenovirus vector, 
or a combination thereof. 

0183 In one embodiment, this invention provides a thera 
peutic formulation as described hereinabove in which the 
therapeutic polypeptide is erythropoietin or wherein the 
therapeutic nucleic acid encodes erythropoietin. In another 
embodiment, this invention provides a long-lasting erythro 
poietinformulation comprising a genetically modified micro 
organ, said micro-organ comprising a vector comprising a 
nucleic acid sequence operably linked to one or more regu 
latory sequences, wherein said nucleic acid sequence encodes 
erythropoietin and whereby said formulation increases eryth 
ropoietin levels by more than 5% over basal levels and said 
increased erythropoietin levels persist for greater than one 
month. In another embodiment, the formulation increases 
erythropoietin levels by more than 5% over basal levels and 
the increase erythropoietin levels persist for less than one 
month. In yet another embodiment, the invention provides a 
method of providing a therapeutic formulation to a subject in 
need in which the therapeutic polypeptide is erythropoietin or 
wherein the therapeutic nucleic acid encodes erythropoietin. 
In still another embodiment, the invention provides a method 
of providing erythropoietin to a Subject in need. 
0184. In a further embodiment, this invention provides a 
method of delivering erythropoietin to a subject in need over 
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a Sustained period comprising: providing one or more geneti 
cally modified micro-organs, said micro-organs comprising a 
vector comprising a nucleic acid sequence operably linked to 
one or more regulatory sequences; and implanting said 
genetically modified micro-organ in said subject, wherein 
said nucleic acid sequence encodes erythropoietin and 
whereby erythropoietin levels are increased by more than 5% 
over basal levels and said increased erythropoietin levels 
persist for greater than one month. In another embodiment, 
the erythropoietin levels are increased by more than 5% over 
basal levels and the increased erythropoietin levels persist for 
less than one month. 
0185. In yet another embodiment, this invention provides 
a method of inducing formation of new blood cells in a 
Subject in need over a Sustained period comprising: providing 
one or more genetically modified micro-organs, said micro 
organs comprising a vector comprising a nucleic acid 
sequence operably linked to one or more regulatory 
sequences; and implanting said genetically modified micro 
organ in said Subject, wherein said nucleic acid sequence 
encodes erythropoietin and whereby erythropoietin levels are 
increased by more than 5% over basal levels and said 
increased erythropoietin levels persist for greater than one 
month. In still another embodiment, the erythropoietin levels 
are increased by more than 5% over basal levels and the 
increased erythropoietin levels persist for less than one 
month. 
0186 Erythropoietin (EPO) is a glycoprotein hormone 
involved in the maturation of erythroid progenitor cells into 
erythrocytes. In one embodiment, erythropoietin is essential 
in regulating levels of red blood cells in circulation. Naturally 
occurring erythropoietin is produced by the kidneys and liver, 
circulates in the blood, and stimulates the production of red 
blood cells in bone marrow, in one embodiment, in response 
to hypoxia. 
0187. In one embodiment, EPO of the compositions and 
methods of the instant invention may comprise glycosylation 
patterns similar to those of EPO extracted from human or 
animal urine, or in another embodiment, plasma. 
0188 The identification, cloning, and expression of genes 
encoding erythropoietin are described in U.S. Pat. Nos. 
5,756,349; 5,955,422; 5,618,698; 5,547,933; 5,621,080: 
5,441,868; and 4,703,008, which are incorporated herein by 
reference. A description of the purification of recombinant 
erythropoietin from cell medium that supported the growth of 
mammalian cells containing recombinant erythropoietin 
plasmids for example, are included in U.S. Pat. No. 4,667,016 
to Lai et al, which is incorporated herein by reference. 
Recombinant erythropoietin produced by genetic engineer 
ing techniques involving the expression of a protein product 
in vitro from a host cell transformed with the gene encoding 
erythropoietin has been used to treat anemia resulting from 
chronic renal failure. 

0189 EPO may be used in the treatment of anemia as a 
result of renal failure including chronic kidney disease (CKD) 
and end stage renal disease (ESRD); anemia associated with 
HIV infection in zidovudine (AZT) treated patients; anemia 
associated with cancer chemotherapy; microangiopathic 
haemolytic anemia that may be a secondary to mechanical 
valve haemolysis; anemia of prematurity; anemia as a result 
rheumatoid arthritis and other inflammatory conditions; and 
anemia associated with cancer including multiple myeloma 
and non-Hodgkin lymphoma. In addition, administration of 
EPO may benefit subjects prior to scheduled surgery, subjects 
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Suffering from hematopoietic stem cell disorders, Subjects in 
need of acceleration of erythroid repopulation after bone 
marrow transplantation, or subjects in need of induction of 
fetal Hb synthesis as a result of sickle cell anemia and thalas 
SC18. 

0190. Administration of rhu-EPO (recombinant human 
EPO) has become routine in the treatment of anemia second 
ary to renal insufficiency, where doses of 50-150 u/kg given 
three times per week are used to gradually restore hematocrit 
and eliminate transfusion dependency. This results in an aver 
age daily dosage of 21.4-64.3 EPO U/Kg/day to a subject 
being treated. 
0191 Many cell surface and secretory proteins produced 
by eukaryotic cells are modified with one or more oligosac 
charide groups called glycosylation, which can dramatically 
affect protein stability, secretion, and subcellular localization 
as well as biological activity. In one embodiment, both human 
urinary derived erythropoietin and recombinant erythropoi 
etin (expressed in mammalian cells) having the amino acid 
sequence 1-165 of human erythropoietin comprise three 
N-linked and one O-linked oligosaccharide chains which 
together comprise about 40% of the total molecular weight of 
the glycoprotein. In one embodiment, non-glycosylated 
erythropoietin has greatly reduced in Vivo activity compared 
to the glycosylated form but does retain some in vitro activity. 
In one embodiment, the EPO of the compositions and for use 
in the methods of the present invention are fully glycosylated, 
while in another embodiment, they are comprise some gly 
cosylated residues, while in another embodiment, they are not 
glycosylated. 
0.192 In one embodiment, the EPO gene may be a wild 
type EPO gene, while in another embodiment, the EPO gene 
may be modified. In one embodiment, the modified EPO gene 
may be optimized. 
0193 In one embodiment, the EPO gene has a nucleic acid 
sequence that corresponds to that set forth in Genbank Acces 
sion Nos: X02158: AF202312: AF202311, AF202309; 
AF202310: AF053356: AF202306; AF202307; or AF202308 
or encodes a protein sequence that corresponds to that set 
forth in Genbank Accession Nos: CAA26095; AAF23134; 
AAF 17572; AAF23133: AAC78791; or AAF23132. In 
another embodiment, the EPO precursor gene has a nucleic 
acid sequence that corresponds to that set forth in Genbank 
Accession Nos: NM 000799; M11319; BC093628; or 
BC1 11937 or encodes a protein sequence that corresponds to 
that set forth in Genbank Accession Nos: NP 000790: 
AAA524.00; AAH93628; or AAI11938. In another embodi 
ment, the EPO gene has a nucleic acid sequence as presented 
in SEQID No. 7, while in another embodiment, the EPO gene 
has an amino acid sequence as presented in SEQID No: 10. In 
another embodiment, the EPO gene has a nucleic acid that is 
homologous to that presented in SEQ ID No. 7, while in 
another embodiment, the EPO gene has an amino acid 
sequence that is homologous to that presented in SEQID No: 
10. In one embodiment, the nucleic acid encoding erythro 
poietin operably linked to one or more regulatory sequences 
has a nucleic acid sequence as presented in SEQID No: 11. In 
another embodiment, the nucleic acid encoding erythropoi 
etin operably linked to one or more regulatory sequences has 
a nucleic acid sequence that is homologous to that presented 
in SEQ ID No: 11. In one embodiment, the vector used for 
genetic modification has a nucleic acid sequence as presented 
in SEQID No. 3. In another embodiment, the vector used for 
genetic modification has a nucleic acid sequence as presented 
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in SEQID No. 4. In yet another embodiment, the vector used 
for genetic modification has a nucleic acid sequence homolo 
gous to that presented in SEQ ID No. 3. In still another 
embodiment, the vector used for genetic modification has a 
nucleic acid sequence homologous to that presented in SEQ 
ID No. 4. 

0194 In one embodiment, the formulations of the present 
invention may be used to treat a Subject having anemia. In one 
embodiment, anemia is defined as "a pathologic deficiency in 
the amount of oxygen-carrying Hb in the red blood cells.” 
Symptoms of anemia include fatigue, diminished ability to 
perform daily functions, impaired cognitive function, head 
ache, dizziness, chest pain and shortness of breath, nausea, 
depression, pain, or a combination thereof. In one embodi 
ment, anemia is associated with a poorer prognosis and 
increased mortality. 
0195 In one embodiment, administration of a GMMO 
hEPO of this invention increases and/or maintains Hb to 
therapeutic levels. In some embodiments, administration of a 
GMMO-hEPO results in increased and/or maintained Hb for 
extended time periods. In certain instances, the measurable 
EPO levels during the time period of increased and/or main 
tained Hb levels do not show a comparable percent increase. 
In one embodiment, administration of a GMMO-hEPO of this 
invention increases and/or maintains hematocrit levels. In 
some embodiments, administration of a GMMO-hEPO 
results in increased and/or maintained hematocrit levels for 
extended time periods. 
0196. Anemia is often a consequence of renal failure due 

to decreased production of erythropoietin from the kidney. In 
another embodiment, anemia is caused by lowered red blood 
cell (erythroid) production by bone marrow due to cancer 
infiltration, lymphoma or leukemia including non-Hodgkin’s 
lymphoma, multiple myeloma, chemotherapy, mechanical 
valve haemolysis, prematurity, rheumatoid arthritis, inflam 
matory conditions, hematopoietic disorders, sickle cell ane 
mia, thalassemia or marrow replacement. Other causes of 
anemia comprise, blood loss due to excessive bleeding Such 
as hemorrhages or abnormal menstrual bleeding; cancer 
therapies such as Surgery, radiotherapy, chemotherapy e.g., 
treatment of AIDS patients with Zidovudine (AZT), immuno 
therapy, or a combination thereof infiltration or replacement 
of cancerous bone marrow, increased hemolysis, which in 
one embodiment is breakdown or destruction of red blood 
cells; low levels of erythropoietin, or a combination thereof. 
In one embodiment, anemia refers to Fanconi anemia, which 
in one embodiment is an inherited anemia that leads to bone 
marrow failure (aplastic anemia) and often to acute myelog 
enous leukemia (AML). In another embodiment, anemia 
refers to Diamond Blackfan anemia, normocytic anemia, 
aplastic anemia, iron-deficiency anemia, Vitamin deficiency 
anemia, Sideroblastic Anemia, Paroxysmal Nocturnal Hemo 
globinuria, Anemia of Chronic Disease, Anemia in Kidney 
Disease and Dialysis, or a combination thereof. 
0197) In another embodiment, the long-lasting EPO for 
mulation of the instant invention is used for treating a diabetic 
Subject. According to this aspect and in one embodiment, the 
EPO formulation of the instant invention may be used in 
conjunction with other treatments for diabetes known in the 
Art, including, inter alia, insulin administration, oral 
hypoglycemic drugs, which in one embodiment are Sul 
fonurea drugs, which in one embodiment including interalia 
glucotrol, glyburide, glynase and amaryl; glucophage, thia 
Zolidinediones including interalia reZulin, actos and avandia; 
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or a combination thereof. In another embodiment, the long 
lasting EPO formulation of the instant invention is used for 
treating a subject Suffering from chronic kidney disease, 
while in another embodiment, is used for treating a subject 
Suffering from end-stage renal disease. In another embodi 
ment, the formulations of the instant invention are used for 
Subjects that are susceptible to the above-mentioned diseases 
or conditions. 
0.198. In yet another embodiment, the long-lasting EPO 
formulation of the instant invention is used for increasing 
hemoglobin level in a subject. A subject in need of increased 
Hb, may for instance be a Subject prior to major Surgery. 
(0199. It is to be understood that the formulations and 
methods of this invention may be used to treat anemia, regard 
less of the cause of anemia and whether or not the cause of 
anemia is known. 

0200. In one embodiment, the formulations and methods 
thereof provide an effective EPO therapy. 
0201 By the term “effective EPO therapy” it is meant a 
level of EPO sufficient to bring the Hb level in a patient within 
the therapeutic window. In one embodiment, “effective EPO 
therapy refers to an increase in erythropoiesis in a Subject in 
need. In one embodiment, “effective EPO therapy” refers to 
prevention of a decrease of erythropoiesis in a subject in need. 
As used herein, the term “effective EPO therapy” may also be 
referred to herein as an “effective dosage' or “effective dose” 
of erythropoietin. 
0202. In one embodiment of the invention, effective EPO 
therapy is achieved by implanting at least one (1) human 
EPO-GMMO (hEPO-GMMO) into a patient. In another 
embodiment, effective EPO therapy is achieved by implant 
ing at least two (2) hEPO-GMMO into a patient. In one 
embodiment, effective EPO therapy is achieved by implant 
ing at least three (3) hEPO-GMMO into a patient. In one 
embodiment, effective EPO therapy is achieved by implant 
ing at least four (4) hEPO-GMMO into a patient. In one 
embodiment, effective EPO therapy is achieved by implant 
ing at least five (5) hEPO-GMMO into a patient. In one 
embodiment, effective EPO therapy is achieved by implant 
ing at least six (6) hEPO-GMMO into a patient. In one 
embodiment, effective EPO therapy is achieved by implant 
ing greater than six (6) hEPO-GMMO into a patient. 
0203 As used herein, the term “therapeutic window' it is 
meant the desired level of Hb in a subject in need. In one 
embodiment, the therapeutic window refers to a Hb concen 
tration within the range of 10 gm/dl to 12 gm/dl. In another 
embodiment, the therapeutic window refers to a Hb concen 
tration within the range of 9-11 gm/dl. In yet another embodi 
ment, the Hb concentration is within the range of 9.5-12.6 
gm/dl. In still another embodiment, the Hb concentration is 
within the range of 9-13.2gm/dl. In a further embodiment, the 
Hb concentration is within the range of 8.5-13.8 gm/dl. In 
another embodiment, the Hb concentration is within the range 
of 8-14.4 gm/dl. As used herein, the term “therapeutic win 
dow' may also be referred to as “physiological levels” or 
“physiological hemoglobin levels. 
0204. In one embodiment, the subject in need is human. In 
one embodiment, the Subject in need is a renal patient. In 
another embodiment, the Subject in need is Suffering from 
end-stage renal disease. In yet another embodiment, the Sub 
ject in need is suffering from chronic kidney disease (CKD). 
In still another embodiment, the subject is suffering from 
pre-dialysis CKD. In another embodiment, the subject in 
need is diabetic. In one embodiment, the Subject is a pre 



US 2013/025 1679 A1 

dialysis patient. In another embodiment, the Subject is con 
currently receiving dialysis. In yet another embodiment, the 
Subject has received dialysis. 
0205. In one embodiment of the invention, an effective 
EPOtherapy brings the Hb (“Hb”) level inapatient within the 
therapeutic window. In another embodiment of the invention, 
an effective EPO therapy brings the Hb level in a patient 
within a range +/-10% of the therapeutic window. In another 
embodiment of the invention, an effective EPOtherapy brings 
the Hb level in a patient within a range +/-20% of the thera 
peutic window. In yet another embodiment of the invention, 
an effective EPO therapy brings the Hb level in a patient 
within a range +/-30% of the therapeutic window. In still 
another embodiment, an effective EPO therapy brings the Hb 
level in a patient within a range +/-40% of the therapeutic 
window. In a further embodiment, an effective EPO therapy 
brings the Hb level in a patient within a range +/-50% of the 
therapeutic window. 
0206. In one embodiment, an increase of blood Hb levels 
above 11.5 g/dl for four consecutive weekly measurements, 
may be considered outside of the therapeutic window. In 
another embodiment, an increase of blood Hb levels above 
12.0 g/dl for four consecutive weekly measurements, may be 
considered outside of the therapeutic window. In an effort to 
avoid an increase of blood Hb levels outside of the therapeutic 
window, methods of implantation of a long-lasting erythro 
poietin formulation may be directed to avoid a resultant eleva 
tion of serum EPO above the upper limit of the normal physi 
ological range, defined as a level exceeding 200 m U/ml. 
0207 As used herein, the terms “effective dosage' or 
“effective dose' refers to the effective amount of atherapeutic 
polypeptide expressed from an at least one GMMO per day. 
0208. As used herein, units for EPO are the accepted Inter 
national units and are referred to herein using the symbol “U” 
or “IU. 

0209. In one embodiment, dosage for an effective EPO 
therapy is between 18-150 IU/kg bodyweight of a patient/day. 
In another embodiment, effective EPO therapy is between 
12-150 U/kg bodyweight of a patient/day. In one embodi 
ment, dosage for an effective EPO therapy is between 20-40 
IU/kg bodyweight of a patient/day. In one embodiment, dos 
age for an effective EPO therapy is between 40-60 IU/kg 
bodyweight of a patient/day. In one embodiment, dosage for 
an effective EPO therapy is between 60-80 IU/kg bodyweight 
of a patient/day. In one embodiment, dosage for an effective 
EPO therapy is between 80-100 IU/kg bodyweight of a 
patient/day. In one embodiment, dosage for an effective EPO 
therapy is between 100-120 IU/kg bodyweight of a patient/ 
day. In one embodiment, dosage for an effective EPOtherapy 
is between 120-150 IU/kg bodyweight of a patient/day. 
0210. In another embodiment, dosage for an effective 
EPO therapy is between 18-25 IU/kg bodyweight/day (low 
dose). In yet another embodiment, dosage for an effective 
EPO therapy is between 18-30 IU/kg bodyweight/day (low 
dose). In one embodiment, dosage for an effective EPO 
therapy is between 35-45 IU/kg bodyweight/day (mid dose). 
In still another embodiment, dosage for an effective EPO 
therapy is between 30-50 IU/kg bodyweight/day (mid dose). 
In one embodiment, dosage for an effective EPO therapy is 
between 55-65 IU/kg bodyweight/day (high dose). In a fur 
ther embodiment, dosage for an effective EPO therapy is 
between 50-65 IU/kg bodyweight/day (high dose). 
0211. In one embodiment, dosage for an effective EPO 
therapy is 20 IU/kg bodyweight of a patient/day. In one 
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embodiment, dosage for an effective EPOtherapy is 40 IU/kg 
bodyweight of a patient/day. In one embodiment, dosage for 
an effective EPOtherapy is 60 IU/kg bodyweight of a patient/ 
day. In one embodiment, dosage for an effective EPO therapy 
is 80 IU/kg bodyweight of a patient/day. In one embodiment, 
dosage for an effective EPO therapy is 100 IU/kg bodyweight 
of a patient/day. In one embodiment, dosage for an effective 
EPOtherapy is 120 IU/kg bodyweight of a patient/day. In one 
embodiment, dosage for an effective EPO therapy is 150 
IU/kg bodyweight of a patient/day. In one embodiment, dos 
age is not to exceed about 65 IU/kg bodyweight/day. 
0212. In alternative embodiments, effective doses may be 
tailored to each Subject individually, taking into account the 
patients weight, historical Hb levels and average EPO dose 
previously administered by ESA injections. The average EPO 
dose previously administered may be calculated from the 
time period of one month prior to a method of implantation. 
Alternatively, the time period for calculation of an average 
EPO dosage previously administered may be calculated from 
a time period greater or less than at least on month. Dosage 
may be based on the amount of EPO administered during the 
at least one month prior to implantation, wherein the dosage 
administered is normalized to a daily basis. In some circum 
stances, the dosage may be based on the amount of EPO 
administered during at least a two month time period prior to 
implantation. In certain circumstances, the dosage may be 
based on the amount of EPO administered during at least a 
three month time period prior to implantation. In other cir 
cumstances, the dosage may be based on the amount of EPO 
administered during at least a six month time period prior to 
implantation. For example, if a Subject previously received 
three injections per week totaling 150 U/kg/week, a tailored 
dosage may include implantation of at least one genetically 
modified micro-organ producing approximately 20 U/Kg/ 
day. 
0213. In one embodiment, the dosage matches the amount 
a Subject previously received, normalized to a daily bases. In 
another embodiment, the dosage is reduced by up to 25% of 
the amount a subject previously received, normalized to a 
daily bases. In yet another embodiment, the dosage is 
increased by up to 25% of the amount a subject previously 
received, normalized to a daily bases. In a further embodi 
ment, the dosage is reduced by up to 50% of the amount a 
Subject previously received, normalized to a daily bases. In 
yet another embodiment, the dosage is increased by up to 
50% of the amount a subject previously received, normalized 
to a daily bases. 
0214. In one embodiment, response to implantation of an 
at least one hEPO-GMMO is Sustained elevation of Hb levels 
for at least one month. In one embodiment, response to 
implantation of an at least one hEPO-GMMO is sustained 
elevation of Hb levels for at least two months. In one embodi 
ment, response to implantation of an at least one hEPO 
GMMO is sustained elevation of Hb levels for at least three 
months. In one embodiment, response to implantation of an at 
least one hEPO-GMMO is Sustained elevation of Hb levels 
for at least four months. In one embodiment, response to 
implantation of an at least one hEPO-GMMO is sustained 
elevation of Hb levels for at least five months. In one embodi 
ment, response to implantation of an at least one hEPO 
GMMO is sustained elevation of Hb levels for at least six 
months. In one embodiment, response to implantation of an at 
least one hEPO-GMMO is Sustained elevation of Hb levels 
for greater than six months. In one embodiment, response to 
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implantation of an at least one hEPO-GMMO is sustained 
elevation of Hb levels for greater than nine months. In one 
embodiment, response to implantation of an at least one 
hEPO-GMMO is sustained elevation of Hb levels for greater 
than one year. 
0215. It may be that the response to implantation of an at 
least one hEPO-GMMO does not sustain elevation of Hb or 
provide sufficient elevation. In such a case, additional hEPO 
GMMO may be implanted in the subject. For example, if 
following implantation of at least one hEPO-GMMO the 
blood Hb level decreases by about 1 g/dl or more per day, or 
per week, or per two weeks or per month, compared to the 
baseline Hb average during a one month period prior to 
implantation, additional hEPO-GMMO may be implanted. 
Alternatively, if following implantation of at least one hEPO 
GMMO the blood Hb level decreases by about 1 g/dl or more 
per day, or per week, or per two weeks or per month, com 
pared to an initial increased average Hb following implanta 
tion, additional hEPO-GMMO may be implanted. In one 
embodiment, additional hEPO-GMMO may provide up to 
25% increased EPO IU. In another embodiment, additional 
hEPO-GMMO may provide up to 50% increased EPO IU. 
0216 Treatment implanting long-lasting erythropoietin 
formulations, e.g., genetically modified micro-organs 
expressing and secreting EPO, aims to Supply a steady con 
tinuous production and delivery of EPO to patients in need. 
Patients in need may include those Suffering from anemia 
and/or those in need of increased Hb. In certain instances, 
anemic subjects or those in need of increased Hb may benefit 
from treatment with a more physiological EPO treatment 
Fishbane, S. Recombinant Human Erythropoietin: Has 
Treatment Reached its Full Potential, Seminars in Dialysis, 
Vol 19, No 1, 2006, pp. 1-4 Implantation of autologous 
genetically modified micro-organs secreting and expressing 
EPO back into a patient, wherein the autologous tissue 
remains localized and Supplies Sustained treatment, may pro 
vide this benefit. A strong advantage of this method is that if 
the delivered dose of EPO is too high, or if the treatment needs 
to be terminated for any reason, one or more of the implanted 
genetically modified micro-organs may be simply removed 
(or even potentially ablated in situ) in order to stop the pro 
duction and delivery of the EPO. In one embodiment, if the 
blood level of Hb is greater than 11.5 g/dl., then at least one 
hEPO-GMMO may be removed or inactivated to reduce the 
EPO U by about 25%. In another embodiment, if the blood 
level of Hb is greater than 12.0 g/dl., then at least one hEPO 
GMMO may be removed or inactivated to reduce the EPOU 
by about 25%. 
0217. In one embodiment, the formulations and method of 
the present invention may be administered with other treat 
ments that are effective in treating anemia. In one embodi 
ment, other treatments include iron Supplements, vitamin B 
12 Supplements, additional Sources of erythropoietin, andro 
gens, growth factors such as G-CSF, or a combination thereof. 
In another embodiment, the formulations and method of the 
present invention may be administered in conjunction with 
other treatments such as blood and marrow stem cell trans 
plants. 
0218. In one embodiment, this invention provides a thera 
peutic formulation as described hereinabove in which the 
therapeutic polypeptide is interferon or in which the thera 
peutic nucleic acid encodes interferon, which in one embodi 
ment, is interferon alpha, which in one embodiment, is inter 
feron alpha2a. In another embodiment, the present invention 
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provides a long-lasting interferon-alpha formulation com 
prising a genetically modified micro-organ, said micro-organ 
comprising a vector comprising a nucleic acid sequence oper 
ably linked to one or more regulatory sequences, wherein said 
nucleic acid sequence encodes interferon-alpha and whereby 
said formulation increases interferon-alpha levels by more 
than 5% over basal levels and said increased interferon-alpha 
levels persist for greater than one month. In another embodi 
ment, the invention provides a method of providing a thera 
peutic formulation to a subject in need in which the therapeu 
tic polypeptide is interferon, or in which the therapeutic 
nucleic acid encodes, interferon, which in one embodiment, is 
interferon alpha, which in one embodiment, is interferon 
alpha 2a. In another embodiment, the invention provides a 
method of providing a therapeutic polypeptide which is inter 
feron, which in one embodiment, is interferon alpha, which in 
one embodiment, is interferon alpha2a to a Subject in need. 
0219. In one embodiment, interferons are multi-functional 
cytokines that are capable of producing pleitrophic effects on 
cells, such as anti-viral, anti-proliferative and anti-inflamma 
tory effects. Because of these cellular responses to interfer 
ons, interferon-alpha and interferon-beta have been found to 
be clinically useful in the treatment of viral, proliferative and 
inflammatory diseases Such as multiple Sclerosis, hepatitis B. 
hepatitis C and several forms of cancer. 
0220 Interferon therapies may also have potential use for 
the treatment of other inflammatory diseases, viral diseases 
and proliferative diseases. Thus, a subject in need of interfer 
ons may have one or all of the above-mentioned diseases or 
conditions. 
0221) There are three major classes of interferons: alpha 
(C), beta (B), and gamma (Y). Aside from their antiviral and 
anti-oncogenic properties, interferons activate macrophage 
and natural killer lymphocyte, and enhance major histocom 
patibility complex glycoprotein classes I and II. Interferon-C. 
is secreted by leukocytes (B-cells and T-cells). Interferon-B is 
secreted by fibroblasts, and interferon-Y is secreted by T-cells 
and natural killer lymphocytes. 
0222. In one embodiment, the therapeutic polypeptide is 
interferon alpha, in another embodiment, interferon beta, or 
in another embodiment, interferon gamma. In another 
embodiment, the therapeutic polypeptide is any subtype of 
interferon alpha, including but not limited to: 1, 2, 4, 5, 6, 7, 
8, 10, 13, 14, 16, 17, or 21. In another embodiment, the 
therapeutic polypeptide is interferon omega, epsilon, kappa, 
ora homolog thereof. In another embodiment, the therapeutic 
polypeptide is interferon lambda or a homolog thereof. In 
another embodiment, the therapeutic polypeptide is any Sub 
type of interferon lambda including but not limited to: Inter 
leukin (IL) 28A, IL28B, or IL29. In another embodiment, the 
therapeutic polypeptide is interferon Zeta, nu, tau, delta, or a 
homolog thereof. 
0223) In one embodiment, IFNs bind to a specific cell 
Surface receptor complex, which in one embodiment is inter 
feron alpha receptor (IFNAR) comprising IFNAR1 and 
IFNAR2 chains, in another embodiment is interferon gamma 
receptor (IFNGR) complex, which comprises two IFNGR1 
and two IFNGR2 subunits, in another embodiment is a recep 
tor complex comprising IL10R2 and IFNLR1. In one 
embodiment, interferons signal through the JAK-STAT sig 
naling pathway. 
0224. In one embodiment, the interferon of the formula 
tions and methods of the instant invention are interferon 
alpha. In another embodiment, the interferon of the formula 
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tions and methods of the instant invention are interferon 
alpha2b. In one embodiment, IFN-alpha-2b is a recombinant, 
non-glycosylated 165-amino acid alpha interferon protein 
comprising the gene for IFN-alpha-2b from human leuko 
cytes. IFN-alpha-2b is a type I, water-soluble interferon with 
a molecular weight of 19.271 daltons (19.271 kDa). In one 
embodiment, IFN-alpha-2b has a specific activity of about 
2.6x108 (260 million) International Units/mgas measured by 
HPLC assay. 
0225. In one embodiment, IFN-alpha-2b is one of the Type 

I interferons, which belong to the larger helical cytokine 
Superfamily, which includes growth hormones, interleukins, 
several colony-stimulating factors and several other regula 
tory molecules. All function as regulators of cellular activity 
by interacting with cell-Surface receptor complexes, known 
as IFNAR1 and IFNAR2, and activating various signaling 
pathways. Interferons produce antiviral and anti-proliferative 
responses in cells. 
0226. In one embodiment, a long-lasting IFN-alpha for 
mulation of the present invention may be used for the preven 
tion or treatment of hairy cell leukemia, Venereal warts, 
Kaposi’s Sarcoma, chronic non-A, non-B hepatitis, hepatitis 
B, or a combination thereof. In another embodiment, a long 
lasting IFN-alpha formulation of the present invention may 
be administered to a subject that is susceptible to one of the 
above-mentioned diseases or conditions or has been or will be 
exposed to an infectious agent, as described herein. In another 
embodiment, along-lasting IFN-alpha formulation invention 
may be used for the prevention or treatment of hepatitis C. 
According to this aspect and in one embodiment, the formu 
lations of the present invention may be administered concur 
rently or alternately with other hepatitis C treatments, includ 
ing interalia, ribavarin, interferons, pegylated interferons or a 
combination thereof. 
0227. In another embodiment, a long-lasting IFN-alpha 
formulation may be used or evaluated alone or in conjunction 
with chemotherapeutic agents in a variety of other cellular 
proliferation disorders, including chronic myelogenous leu 
kemia, multiple myeloma, Superficial bladder cancer, skin 
cancers (including, interalia, basal cell carcinoma and malig 
nant melanoma), renal cell carcinoma, ovarian cancer, low 
grade lymphocytic and cutaneous T cell lymphoma, and 
glioma. In another embodiment, a long-lasting IFN-alpha 
formulation may be used for the prevention or treatment of 
Solid tumors that arise from lung, colorectal and breast can 
cer, alone or with other chemotherapeutic agents. In another 
embodiment, a long-lasting IFN-alpha formulation may be 
used for the prevention or treatment of multiple sclerosis. In 
another embodiment, a long-lasting IFN-alpha formulation 
may be used for the prevention or treatment of histiocytic 
diseases, which in one embodiment is Erdheim-Chester dis 
ease (ECD), which in one embodiment is a potentially fatal 
disorder that attacks the body's connective tissue and in one 
embodiment is caused by the overproduction of histiocytes, 
which in one embodiment, accumulate in loose connective 
tissue, causing it to become thickened and dense. In another 
embodiment, a long-lasting IFN-alpha formulation may be 
used for the prevention or treatment of severe ocular Behcet’s 
disease. 

0228. In one embodiment, the interferon alpha gene has a 
nucleic acid sequence that corresponds to that set forth in 
Genbank Accession Nos: KO1900; M11003; or M71246, or 
encodes a protein sequence that corresponds to that set forth 
in Genbank Accession Nos: AAA52716; AAA52724; or 
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AAA52713. In one embodiment, the interferon beta gene has 
a nucleic acid sequence that corresponds to that set forth in 
Genbank Accession Nos: M25460; AL390882; or 
CH236948, or encodes a protein sequence that corresponds to 
that set forth in Genbank Accession Nos: AAC41702; 
CAH70160; or EAL24265. In one embodiment, the inter 
feron gamma gene has a nucleic acid sequence that corre 
sponds to that set forth in Genbank Accession Nos: J00219; 
AF506749; NM 000619; or X62468, or encodes a protein 
sequence that corresponds to that set forth in Genbank Acces 
sion Nos: AAB59534: AAM28885; NP 000610; or 
CAA44325. In another embodiment, the interferon alpha 
gene has a nucleic acid sequence as presented in SEQID No: 
8, while in another embodiment, the interferon alpha gene has 
an amino acid sequence as presented in SEQ ID No. 9. In 
another embodiment, the interferon alpha gene has a nucleic 
acid that is homologous to that presented in SEQID No: 8, 
while in another embodiment, the interferon alpha gene has 
an amino acid sequence that is homologous to that presented 
in SEQID No. 9. 
0229. In another embodiment, the present invention pro 
vides a method of delivering interferon-alpha to a subject in 
need over a Sustained period comprising: providing one or 
more genetically modified micro-organs, said micro-organs 
comprising a vector comprising a nucleic acid sequence oper 
ably linked to one or more regulatory sequences; and implant 
ing said genetically modified micro-organ in said Subject, 
wherein said nucleic acid sequence encodes interferon-alpha 
and whereby interferon-alpha levels are increased by more 
than 5% over basal levels and said increased interferon-alpha 
levels persist for greater than one month. 
0230. In one embodiment, the formulations and methods 
of the present invention provide a nucleic acid optimized for 
increased expression levels, duration, or a combination 
thereof of a therapeutic polypeptide encoded by said nucleic 
acid. In another embodiment, the invention provides a nucleic 
acid sequence with greater than 85% homology to SEQ ID 
No: 1, a vector comprising Such a nucleic acid sequence, and 
a cell comprising such as vector. 
0231. In another embodiment, the invention provides a 
nucleic acid sequence with greater than 85% homology to 
SEQ ID No. 2, a vector comprising such a nucleic acid 
sequence, and a cell comprising such as vector. 
0232. The term “homology', as used herein, when in ref 
erence to any nucleic acid sequence indicates a percentage of 
nucleotides in a candidate sequence that is identical with the 
nucleotides of a corresponding native nucleic acid sequence. 
0233. In one embodiment, the terms “homology”, “homo 
logue' or “homologous', in any instance, indicate that the 
sequence referred to, exhibits, in one embodiment at least 
70% correspondence with the indicated sequence. In another 
embodiment, the nucleic acid sequence exhibits at least 72% 
correspondence with the indicated sequence. In another 
embodiment, the nucleic acid sequence exhibits at least 75% 
correspondence with the indicated sequence. In another 
embodiment, the nucleic acid sequence exhibits at least 77% 
correspondence with the indicated sequence. In another 
embodiment, the nucleic acid sequence exhibits at least 80% 
correspondence with the indicated sequence. In another 
embodiment, the nucleic acid sequence exhibits at least 82% 
correspondence with the indicated sequence. In another 
embodiment, the nucleic acid sequence exhibits at least 85% 
correspondence with the indicated sequence. In another 
embodiment, the nucleic acid sequence exhibits at least 87% 
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correspondence with the indicated sequence. In another 
embodiment, the nucleic acid sequence exhibits at least 90% 
correspondence with the indicated sequence. In another 
embodiment, the nucleic acid sequence exhibits at least 92% 
correspondence with the indicated sequence. In another 
embodiment, the nucleic acid sequence exhibits at least 95% 
or more correspondence with the indicated sequence. In 
another embodiment, the nucleic acid sequence exhibits 
95%-100% correspondence to the indicated sequence. Simi 
larly, reference to a correspondence to a particular sequence 
includes both direct correspondence, as well as homology to 
that sequence as herein defined. 
0234 Homology may be determined by computer algo 
rithm for sequence alignment, by methods well described in 
the art. For example, computer algorithm analysis of nucleic 
acid sequence homology may include the utilization of any 
number of software packages available, such as, for example, 
the BLAST, DOMAIN, BEAUTY (BLAST Enhanced Align 
ment Utility), GENPEPT and TREMBL packages. 
0235 An additional means of determining homology is 
via determination of nucleic acid sequence hybridization, 
methods of which are well described in the art (See, for 
example, "Nucleic Acid Hybridization’ Hames, B. D., and 
Higgins S.J., Eds. (1985); Sambrook et al., 1989, Molecular 
Cloning, A Laboratory Manual, (Volumes 1-3) Cold Spring 
Harbor Press, N.Y.; and Ausubel et al., 1989, Current Proto 
cols in Molecular Biology, Green Publishing Associates and 
Wiley Interscience, N.Y). In one embodiment, methods of 
hybridization may be carried out under moderate to stringent 
conditions. Hybridization conditions being, for example, 
overnight incubation at 42° C. in a solution comprising: 
10-20% formamide, 5xSSC (150 mM. NaCl, 15 mM triso 
dium citrate), 50 mM sodium phosphate (pH 7.6), 5xDen 
hardt’s solution, 10% dextran sulfate, and 20 g/ml dena 
tured, sheared salmon sperm DNA. 
0236. In one embodiment, the present invention provides 
therapeutic formulations comprising micro-organs and meth 
ods of use thereof. In one embodiment, the preparation of 
therapeutic micro-organs comprises (a) obtaining a plurality 
of micro-organ explants from a donor Subject, each of the 
plurality of micro-organ explants comprises a population of 
cells, each of the plurality of micro-organ explants maintain 
ing a microarchitecture of an organ from which it is derived 
and at the same time having dimensions selected so as to 
allow diffusion of adequate nutrients and gases to cells in the 
micro-organ explants and diffusion of cellular waste out of 
the micro-organ explants so as to minimize cellular toxicity 
and concomitant death due to insufficient nutrition and accu 
mulation of the waste in the micro-organ explants; (b) geneti 
cally modifying the plurality of micro-organ explants, so as to 
obtain a plurality of genetically modified micro-organ 
explants, said micro-organs comprising and secreting the pro 
teins differing by the at least one amino acid; and (c) implant 
ing the plurality of genetically modified micro-organ explants 
within a plurality of recipient subjects. 
0237 Methods for the preparation and processing of 
micro-organs into genetically modified micro-organs are dis 
closed in WO2004/099363, incorporated herein by reference 
in their entirety. Micro-organs comprise tissue dimensions 
defined such that diffusion of nutrients and gases into every 
cell in the three dimensional micro-organ, and Sufficient dif 
fusion of cellular wastes out of the explant, is assured. Ex vivo 
maintenance of the micro-organs, which in one embodiment, 
is in minimal media, can continue for an extended period of 
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time, whereupon controlled ex vivo transduction incorporat 
ing desired gene candidates within cells of the micro-organs 
using viral or non-viral vectors occurs, thus creating geneti 
cally modified micro-organs. 
0238. In one embodiment, micro-organs are harvested 
using a drill and coring needle, as described hereinbelow. In 
another embodiment, micro-organs are harvested using a har 
vesting system that utilizes a vacuum to hold the skin taut and 
open the slits during insertion of the coring drill. In another 
embodiment, any tool which may be used to harvest dermal 
tissue may be used to harvest micro-organs of the appropriate 
size, including but not limited to those tools and methods 
described in PCT Application WO 04/099363. 
0239 Incorporation of recombinant nucleic acid within 
the micro-organs to generate genetically modified micro-or 
gans or biopumps can be accomplished through a number of 
methods well known in the art. Nucleic acid constructs can be 
utilized to stably or transiently transduce the micro-organ 
cells. In stable transduction, the nucleic acid molecule is 
integrated into the micro-organ cells genome and as Such it 
represents a stable and inherited trait. In transient transduc 
tion, the nucleic acid molecule is maintained in the trans 
duced cells as an episome and is expressed by the cells but it 
is not integrated into the genome. Such an episome can lead to 
transient expression when the transduced cells are rapidly 
dividing cells due to loss of the episome or to long term 
expression wherein the transduced cells are non-dividing 
cells. 
0240 Typically the nucleic acid sequence is subcloned 
within a particular vector, depending upon the preferred 
method of introduction of the sequence to within the micro 
organs, as described hereinabove. Once the desired nucleic 
acid segment is Subcloned into a particular vector it thereby 
becomes a recombinant vector. 
0241. In one embodiment, micro-organs are incubated at 
32° C. before and after genetic modification, while in another 
embodiment, they are incubated at 37°C. In another embodi 
ment, micro-organs are incubated at 33°C., 34°C., 35°C., 
36° C., 38° C., 39° C., 40° C., 28°C., 30° C., 31° C. 250 C., 
42°C., or 45° C. 
0242. In one embodiment, micro-organs are incubated at 
10% CO before and after genetic modification, while in 
another embodiment, they are incubated at 5% CO. In 
another embodiment, micro-organs are incubated at 12% 
CO, 15% CO, 17% CO, or 20% CO. In another embodi 
ment, micro-organs are incubated at 2% CO, 6% CO, 7% 
CO, 8% CO, or 9% CO. 
0243 In another embodiment, incubation temperatures, 
CO concentrations, or a combination thereof may be kept at 
a single temperature or concentration before, during, and 
after genetic modification, while in another embodiment, 
incubation temperatures, CO concentrations, or a combina 
tion thereofmay be adjusted at different points before, during, 
and after genetic modification of micro-organs. 
0244. In another embodiment, micro-organs are incubated 
at 85-100% humidity, which in one embodiment is 95% 
humidity, in another embodiment, 90% humidity, and in 
another embodiment, 98% humidity. 
0245. In one embodiment, the levels of therapeutic nucleic 
acids or polypeptides may be detected using any method 
known in the art. The efficacy of a particular expression 
vector system and method of introducing nucleic acid into a 
cell can be assessed by standard approaches routinely used in 
the art. For example, DNA introduced into a cell can be 
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detected by a filter hybridization technique (e.g., Southern 
blotting) and RNA produced by transcription of introduced 
DNA can be detected, for example, by Northern blotting, 
RNase protection or reverse transcriptase-polymerase chain 
reaction (RT-PCR). The gene product can be detected by an 
appropriate assay, for example by immunological detection 
of a produced protein, such as with a specific antibody, or by 
a functional assay to detect a functional activity of the gene 
product, such as an enzymatic assay. In one embodiment, 
ELISA, Western blots, or radioimmunoassay may be used to 
detect proteins. If the gene product of interest to be expressed 
by a cell is not readily assayable, an expression system can 
first be optimized using a reporter gene linked to the regula 
tory elements and vector to be used. The reporter gene 
encodes a gene product which is easily detectable and, thus, 
can be used to evaluate efficacy of the system. Standard 
reporter genes used in the art include genes encoding B-ga 
lactosidase, chloramphenicol acetyl transferase, luciferase 
and human growth hormone. 
0246 Thus, in one embodiment, therapeutic polypeptide 
or nucleic acid expression levels are measured in vitro, while 
in another embodiment, therapeutic polypeptide or nucleic 
acid expression levels are measured in vivo. In one embodi 
ment, in vitro determination of polypeptide or nucleic acid 
expression levels, which in one embodiment, is EPO levels 
and in another embodiment, IFN-alpha levels, allows a deter 
mination of the number of micro organs to be implanted in a 
patient via determining the secretion level of a therapeutic 
agent by a micro-organ in vitro; estimating a relationship 
between in vitro production and secretions levels and in vivo 
serum levels of the therapeutic agent; and determining an 
amount of the therapeutic formulation to be implanted, based 
on the determined secretion level and the estimated relation 
ship. 
0247. In another preferred embodiment of this invention, 
polynucleotide(s) can also include trans-, or cis-acting 
enhancer or Suppresser elements which regulate either the 
transcription or translation of endogenous genes expressed 
within the cells of the micro-organs, or additional recombi 
nant genes introduced into the micro-organs. Numerous 
examples of Suitable translational or transcriptional regula 
tory elements, which can be utilized in mammalian cells, are 
known in the art. 
0248 For example, transcriptional regulatory elements 
comprise cis- or trans-acting elements, which are necessary 
for activation of transcription from specific promoters 
(Carey et al., (1989), J. Mol. Biol. 209:423-432: Cress et al., 
(1991), Science 251:87–90; and Sadowski et al., (1988), 
Nature 335:5631-564). 
0249 Translational activators are exemplified by the cau 
liflower mosaic virus translational activator (TAV) see for 
example, Futterer and Hohn, (1991), EMBO J. 10:3887 
3896. In this system a bi-cistronic mRNA is produced. That 
is, two coding regions are transcribed in the same mRNA 
from the same promoter. In the absence of TAV, only the first 
cistron is translated by the ribosomes, however, in cells 
expressing TAV, both cistrons are translated. 
0250. The polynucleotide sequence of cis-acting regula 
tory elements can be introduced into cells of micro-organs via 
commonly practiced gene knock-in techniques. For a review 
of gene knock-in/out methodology see, for example, U.S. Pat. 
Nos. 5.487,992, 5,464,764, 5,387,742, 5,360,735, 5,347,075, 
5,298,422, 5,288,846, 5,221,778, 5,175,385, 5,175,384, 
5,175,383, 4,736,866 as well as Burke and Olson, Methods in 
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Enzymology, 194:251-270, 1991; Capecchi, Science 244: 
1288-1292, 1989; Davies et al., Nucleic Acids Research, 20 
(11) 2693-2698, 1992: Dickinson et al., Human Molecular 
Genetics, 208): 1299-1302, 1993; Duff and Lincoln, “Inser 
tion of a pathogenic mutation into a yeast artificial chromo 
Some containing the human APP gene and expression in ES 
cells’. Research Advances in Alzheimer's Disease and 
Related Disorders, 1995: Huxley et al., Genomics, 9:742-750 
1991; Jakobovits et al., Nature, 362:255-261 1993: Lamb et 
al., Nature Genetics, 5:22-29, 1993: Pearson and Choi, Proc. 
Natl. Acad. Sci. USA, 1993, 90:10578-82; Rothstein, Meth 
ods in Enzymology, 194:281-301, 1991; Schedlet al., Nature, 
362; 258-261, 1993: Strauss et al., Science, 259:1904-1907, 
1993, WO 94/23049, WO 93/14200, WO 94/06908 and WO 
94/28 123 also provide information. 
0251 Down-regulation of endogenous sequences may 
also be desired, in order to assess production of the recombi 
nant product exclusively. Toward this end, antisense RNA 
may be employed as a means of endogenous sequence inac 
tivation. Exogenous polynucleotide(s) encoding sequences 
complementary to the endogenous mRNA sequences are 
transcribed within the cells of the micro-organ. Down regu 
lation can also be effected via gene knock-out techniques, 
practices well known in the art (“Molecular Cloning: A labo 
ratory Manual” Sambrook et al., (1989): “Current Protocols 
in Molecular Biology” Volumes I-III Ausubel, R. M., ed. 
(1994); Ausubel et al., “Current Protocols in Molecular Biol 
ogy”, John Wiley and Sons, Baltimore, Md. (1989); Perbal, 
“A Practical Guide to Molecular Cloning”, John Wiley & 
Sons, New York (1988)). 
0252. Over expression of the recombinant product may be 
desired as well. Over expression may be accomplished by 
providing a high copy number of one or more coding 
sequences in the respective vectors. These exogenous poly 
nucleotide sequences can be placed under transcriptional 
control of a Suitable promoter of a mammalian expression 
vectors to regulate their expression. In another embodiment, 
multiple copies of the same gene or of several related genes 
may be used as a means to increase polypeptide or nucleic 
acid expression. In one embodiment, expression is stabilized 
by DNA elements, which in one embodiment are matrix 
associating regions (MARS) or scaffold-associating regions 
(SARs). 
0253. In one embodiment, an adenoviral vector is the vec 
tor of the compositions and for use in the methods of the 
present invention. In an embodiment in which an adenoviral 
vector is used as a vector, the helper-dependent adenovirus 
system may be used in one embodiment, to prepare therapeu 
tic polypeptide or nucleic acid-expressing helper-dependent 
adenovirus vector for transforming micro-organs. In one 
embodiment, such a helper-dependent adenovirus system 
comprises a helper-dependent adenovirus, a helper virus, and 
a producer cell line is used in the preparation of the formula 
tion of the present invention is as described in Palmer and Ng. 
2003 Mol Ther. 8:846 and in Palmer and Ng, 2004 Mol Ther 
10:792, which are hereby incorporated herein by reference in 
their entirety. 
0254. In one embodiment, a helper cell line, designated 
293, which was transformed from human embryonic kidney 
cells by Ad5 DNA fragments and constitutively expresses E1 
proteins is used to generate and propagate replication defi 
cient adenoviral vectors. In another embodiment, helper cell 
lines may be derived from human muscle cells, hematopoietic 
cells or other human embryonic mesenchymal or epithelial 
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cells. Alternatively, the helper cells may be derived from the 
cells of other mammalian species that are permissive for 
human adenovirus. Such cells include, e.g., Vero cells or other 
monkey embryonic mesenchymal or epithelial cells. 
0255. In one embodiment, micro-organs are maintained ex 
Vivo for a period of time, which may range from several hours 
to several months. In one embodiment, maintenance ex vivo 
refers to maintenance of a micro-organ following ex vivo 
genetic manipulation using a viral vector, i.e., maintenance of 
a GMMO. In another embodiment, maintenance ex vivo 
refers to maintenance of a micro-organ prior to genetic 
manipulation thereof. 
0256 In one embodiment, genetically modified micro 
organs are maintained for several days, and in another 
embodiment, for several weeks prior to implantation. In one 
embodiment, micro-organs are maintained for between 9-14 
days prior to implantation. In one embodiment, micro-organs 
are maintained for between two to four weeks prior to implan 
tation. In one embodiment, micro-organs are maintained for 
three weeks prior to implantation. In one embodiment, micro 
organs are maintained for four weeks or more prior to implan 
tation. In yet another embodiment, micro-organs are main 
tained for at least 9 days. 
0257 Without being limited by theory, in one embodi 
ment, said incubation allows cells to process and break down 
viral proteins, which in one embodiment are viral capsids, 
present as a result of viral vector transduction. In one embodi 
ment, Such a turnover of capsid proteins occurs within 2-3 
days, so that, in one embodiment, little if any viral capsid 
proteins remain by the 10" day ex vivo. In one embodiment, 
the breaking down of viral capsids further reduces the immu 
nogenicity of the formulations of the instant invention and 
increases the expression levels and expression duration of the 
gene or genes of interest. In another embodiment, said incu 
bation allows the early HD-Ad vector-induced innate 
immune responses to occur in vitro, which in one embodi 
ment, will not persist beyond 24 hours in the absence of 
Adeno gene transcription. In another embodiment, the later 
adaptive responses that normally follow the administration of 
transcription-competent first-generation-Ad Vectors, which 
are predominantly characterized in one embodiment, by lym 
phocyte infiltration and in another embodiment by induction 
of Ad-specific CTLs, are not be elicited by HD-Ad vectors. 
0258. In one embodiment, the ex vivo micro-organ is 
exposed to viral vector at a dosage of 1.6-3x10 infectious 
particles (ip)/ml, 3-4x10" viral particles/ml, or 2x10' viral 
particles/ml. In another embodiment, ex vivo micro-organs 
are exposed to viral vectoratadosage of 1x10 to 1x10" viral 
particles/ml, in another embodiment from 1x10 to 1x10, 
and in another embodiment, from 1x10° to 1x10 and in 
another embodiment, 1x10° to 1x10" viral particles/ml. In 
one embodiment, the dosage of viral particles/g body weight 
of Subject that are administered to a Subject within a micro 
organ is less than 1x10, and in another embodiment, less 
than 1x10, and in another embodiment, less than 1x10" viral 
particles/g body weight of Subject. 
0259. In one embodiment, growth factors are used to 
increase the number of cells in the micro-organs. 
0260. In one embodiment, in vitro expression can be 
assessed prior to implantation, enabling the possibility for in 
vitro to in vivo correlation studies of expressed recombinant 
proteins. 
0261. In some embodiments of the invention, the amounts 
of tissue sample including a genetically modified cell(s) to be 
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implanted are determined from one or more of correspond 
ing amounts of the therapeutic agent of interest routinely 
administered to Such subjects based on regulatory guidelines, 
specific clinical protocols or population statistics for similar 
Subjects, corresponding amounts of the therapeutic agent 
Such as protein of interest specifically to that same Subject in 
the case that he/she has received it via injections or other 
routes previously, Subject data Such as weight, age, physical 
condition, clinical status, pharmacokinetic data from previ 
ous tissue sample which includes a genetically modified cell 
administration to other similar subjects, response to previous 
tissue sample which includes a genetically modified cell 
administration to that Subject, or a combination thereof. Thus, 
in one embodiment, the level of expression of gene products 
by one or more micro-organs is determined in vitro, a rela 
tionship between in vitro and in vivo therapeutic polypeptide 
or nucleic acid expression levels is determined or estimated, 
and the number of micro-organs to be implanted in a particu 
lar patient is determined based on the calculated or estimated 
relationship. The dosage of the therapeutic agent may be 
adjusted as described previously (WO2004/099363). 
0262. In one embodiment, a micro-organ or a genetically 
modified micro-organ may be maintained in vitro for a pro 
scribed period of time until they are needed for implantation 
into a host. In one embodiment, a micro-organ or a genetically 
modified micro-organ may be maintained or stored in culture 
for between 1-7 days, between 1-8 weeks, or for 1-4 months. 
In another embodiment, the therapeutic agent, left in the 
Supernatant medium surrounding the tissue sample, can be 
isolated and injected or applied to the same or a different 
Subject. 
0263. Alternatively or additionally, a genetically modified 
micro-organ can be cryogenically preserved by methods 
known in the art, for example, without limitation, gradual 
freezing (0°C., -20°C., -80° C., -196° C.) in DMEM con 
taining 10% DMSO, immediately after being formed from 
the tissue sample or after genetic alteration. 
0264. Administration of the formulation of the invention 
may be by implanting into the Subject in need. In one embodi 
ment, the formulation of the instant invention may be 
implanted in an organ or system that is affected by a disease 
or disorder to be treated or prevented by a method or route 
which results in localization of the micro-organ at a desired 
site. In another embodiment, the location of the implanted 
formulation may be distal from an organ or system that is 
affected by a disease or disorder. Thus, while in one embodi 
ment, the recombinant protein is released locally, in another 
embodiment, the recombinant protein diffuses to the lym 
phatic system, which in one embodiment, may ultimately 
lead to systemic distribution of the recombinant protein. 
Thus, the present invention provides for the use of therapeutic 
formulations in various concentrations to treat a disease or 
disorder manifesting in any part of the Subject in need. 
0265 According to this aspect and in one embodiment, 
formulations of the instant invention may be implanted intra 
tumorally. In another embodiment, formulations may be 
implanted at a site distal from the tumor, which in one 
embodiment is associated with metastasis of a particular type 
of tumor. In another embodiment, formulations of the instant 
invention may be implanted into the kidney of a Subject, 
which in one embodiment is a Subcapsular implantation. In 
another embodiment, formulations of the instant invention 
are implanted laparascopically. 
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0266. In one embodiment, the formulations of the inven 
tion may be implanted a single time for acute treatment of 
temporary conditions, or may be implanted more than one 
time, especially in the case of progressive, recurrent, or 
degenerative disease. In one embodiment, one or more for 
mulations of the invention may be administered simulta 
neously, or in another embodiment, they may be administered 
in a staggered fashion. In one embodiment, the staggered 
fashion may be dictated by the stage or phase of the disease. 
0267 In one embodiment, the micro-organ is implanted at 
a desired location in the Subject in Such a way that at least a 
portion of the cells of the micro-organ remain viable. In one 
embodiment of this invention, at least about 5%, in another 
embodiment of this invention, at least about 10%, in another 
embodiment of this invention, at least about 20%, in another 
embodiment of this invention, at least about 30%, in another 
embodiment of this invention, at least about 40%, and in 
another embodiment of this invention, at least about 50% or 
more of the cells remain viable after administration to a 
subject. The period of viability of the cells after administra 
tion to a subject can be as short as a few hours, e.g., twenty 
four hours, to a few days, to as long as a few weeks to months 
or years. 
0268 Micro-organ implantation within a recipient subject 
provides for a Sustained dosage of the recombinant product. 
The micro-organs may be prepared, prior to implantation, for 
efficient incorporation within the host facilitating, for 
example, formation of blood vessels within the implanted 
tissue. Recombinant products may therefore be delivered 
immediately to peripheral recipient circulation, following 
production. Alternatively, micro-organs may be prepared, 
prior to implantation, to prevent cell adherence and efficient 
incorporation within the host. Examples of methods that pre 
vent blood vessel formation include encasement of the micro 
organs within commercially available cell-imperimeant diam 
eter restricted biological mesh bags made of silk or nylon, or 
others such as, for example GORE-TEX bags (Terrill P J. 
Kedwards SM, and Lawrence J.C. (1991) The use of GORE 
TEX bags for hand burns. Burns 17(2): 161-5), or other 
porous membranes that are coated with a material that pre 
vents cellular adhesion, for example Teflon. 
0269 Gene products produced by micro-organs can then 
be delivered via, for example, polymeric devices designed for 
the controlled delivery compounds, e.g., drugs, including 
proteinaceous biopharmaceuticals. A variety of biocompat 
ible polymers (including hydrogels), including both biode 
gradable and non-degradable polymers, can be used to form 
an implant for the Sustained release of a gene product of the 
micro-organs in context of the invention at a particular target 
site. The generation of Such implants is generally known in 
the art (see, for example, Concise Encyclopedia of Medical & 
Dental Materials, ed. By David Williams (MIT Press: Cam 
bridge, Mass., 1990); Sabel et al. U.S. Pat. No. 4,883,666: 
Aebischer et al. U.S. Pat. No. 4,892,538; Aebischer et al. U.S. 
Pat. No. 5,106,627; Lim U.S. Pat. No. 4,391,909; and Sefton 
U.S. Pat. No. 4,353,888). In one embodiment, a GMMO is 
encapsulated. In another embodiment, a GMMO is not encap 
Sulated. 
0270 Implantation of genetically modified micro-organs 
according to the present invention can be effected via stan 
dard Surgical techniques or via injecting micro-organ prepa 
rations into the intended tissue regions of the mammal utiliz 
ing specially adapted Syringes employing a needle of a gauge 
Suitable for the administration of micro-organs. In another 
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embodiment, a catheter is employed for implanted micro 
organs. In one embodiment, any of the implantation methods 
described in PCT Publication WO2 04/099363 may be used 
and is considered an embodiment of this invention. 
0271 In one embodiment, micro-organs are implanted 
Subcutaneously, intradermally, Subdermally, intramuscularly, 
intraperitoneally or intragastrically. In one embodiment, the 
term implanted excludes being grafted as a split-thickness or 
full-thickness skin graft. In one embodiment of the present 
invention, the donor micro-organs utilized for implantation 
are preferably prepared from an organ tissue of the recipient 
mammal (i.e. autologous), or a Syngeneic mammal, although 
allogeneic and Xenogeneic tissue can also be utilized for the 
preparation of the micro-organs providing measures are taken 
prior to, or during implantation, so as to avoid graft rejection 
and/or graft versus host disease (GVHD). As used herein, 
GVHD refers to graft versus host disease, a consequence of 
tissue transplantation (the graft) caused by the transplant 
immune response against the recipient host. More specifi 
cally, graft-Versus-host disease is caused by donor T-lympho 
cytes (T cells), recognizing the recipient as being foreign and 
attacking cells of the recipient. Numerous methods for pre 
venting or alleviating graft rejection or GVHD are known in 
the art and may be used in the methods of this invention. In 
one embodiment, to facilitate transplantation of the cell popu 
lations within a tissue which may be subject to immunologi 
cal attack by the host, e.g., where Xenogenic grafting is used, 
Such as Swine-human transplantations, the micro-organ may 
be inserted into or encapsulated by biocompatible immuno 
protected material Such as rechargeable, non-biodegradable 
or biodegradable devices and then transplanted into the 
recipient Subject. In another embodiment, the micro-organ is 
not inserted into or encapsulated by biocompatible immuno 
protected material Such as rechargeable, non-biodegradable 
or biodegradable devices. 
0272. In another embodiment, the donor micro-organs uti 
lized for implantation are preferably prepared from a donor 
who is human leukocyte antigen (HLA)-matched with the 
recipient, where in one embodiment, HLA is the major his 
tocompatibility complex in humans. In one embodiment, 
donor and recipient are matched for class I major histocom 
patibility complex (MHC) genes, class II MHC genes, or a 
combination thereof. In one embodiment, class I MHC genes 
comprise HLA-A. HLA-B, and HLA-C, wherein in one 
embodiment, a mismatch of class I MHC genes increases the 
risk of graft rejection, and in one embodiment, class II MHC 
genes comprise HLA-DPA1 HLA-DPB1, HLA-DQA1, 
HLA-DQB1, HLA-DRA, HLA-DRB1, wherein in one 
embodiment, a mismatch of class II MHC genes increases the 
risk of GVHD. In another embodiment, donor and recipient 
are matched for HLA-DM and HLA-DO genes. 
0273. In one embodiment, viral turnover or elimination 
from cells ex vivo is enhanced via techniques know in the art, 
Such as physical methods, which in one embodiment is heat 
ing, use of antiviral agents, agents which stimulate viral turn 
overs by cells, etc. 
0274. In one embodiment, while the long-lasting formu 
lations of the present invention increase the leveland duration 
of nucleic acid or polypeptide expression, the levels of 
nucleic acid or polypeptide expression do not remain elevated 
indefinitely. 
0275. In contrast to other methods involving transient 
transduction of cells, or cells that turn over rapidly, the long 
lasting EPO formulation of the instant invention comprises 
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cells that are no longer replicating. Therefore, the EPO for 
mulation produces a stable protein from a stable construct and 
is expected to continue producing the protein already charac 
terized. 

EXAMPLES 

Experimental Materials and Methods 

Materials and Equipment List 
0276 Production medium was used to grow micro-organs 
and comprises DMEM-HEPES Medium (High glucose 4,500 
mg/L and 25 mM HEPES: Hi-Clone CathSH3A1448.02) 
comprising 1% glutamine and Supplemented with 50 ug/ml 
Gentamycin (RAFA labs, for injection) and 0.1% Amphot 
ericin B (BMS, Fungizone I.V.) (final concentration in the 
media 2.5 g/ml Amphotericin B). In some experiments, 10% 
serum substitute supplement (SSS, Irvine Scientific, Cat 
#99193), 10% autologous human serum, or 10% Fetal bovine 
serum (FBS or FCS) was added to the production medium. 

Harvesting of Dermal Micro-Organs 

(0277 A. Method I. 
0278 Human dermal micro-organs were harvested from 
an area of skin from a region of the donor's lower abdomen. 
In certain instances, the dimensions of the dermal micro 
organs harvested were approximately 1.5-2.5 mm in width 
and 30 mm in length. In some cases, to prevent the harvest of 
the epidermis, a shallow slit (1-2 mm deep) passing through 
the stratum cornea into the dermis was cut along a straightline 
at one side of the skin region from which the micro-organs 
were to be harvested, and a similar slit was cut 30 mm away 
from and parallel to the first slit. The distance between the 
slits determined the micro-organ length and was consistent 
throughout the experiments. 
0279. In certain cases, a thin gauge (typically 22GA) 
hypodermic needle attached to a 1 ml syringe filled with 
sterile saline was inserted into the exposed dermis at the first 
slit and slid along the dermis of the harvesting site towards the 
opposite slit, with the needles angled as necessary so that it 
exited through the dermis at the opposite slit. 
0280 Next, in some cases, the outer skin along the length 
of the guiding needle was pinched with a Surgical clamp. The 
needle embedded in the dermis was lifted slightly to raise the 
area of skin Surrounding it and sometimes a hook shaped 
device beneath the inserted hypodermic needle's point was 
used to assist in lifting the skin before it's pinched. The tip of 
the guide needle protruding from its point of exit, was inserted 
into the sharp leading end of a coring needle (1-3 mm in 
diameter, Point Technologies, Colo. USA), which was held 
by a commercially available drill (such as Aesculap Micro 
Speed GD 650, GD 657). A small amount of sterile saline was 
injected from the syringe into the coring needle. The drill is 
activated to rotate the coring needle at high speed (typically 
3000-7000 RPM) and while rotating, the drill and coring 
needle are manually urged forward along the axis of the guide 
needle to cut a 30-40 mm long cylindrical dermal core (der 
mal micro-organ) having an outer diameter approximately 
that of the inner diameter of the coring needle. The dermal 
micro-organ usually remained attached to the guide needle, 
which was withdrawn from within the coring needle and 
placed in Production media (as described hereinabove), and 
the coring needle was removed from the skin. 
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0281. In many cases, using tweezers, each micro-organ 
was transferred to a labeled single well in a 24 well plate 
containing 1000 ul Production Medium. To remove the 
debris, two additional media changes of 1000 ul were per 
formed for each micro-organ. The plates containing the 
micro-organs in 1000 ul production media were then trans 
ferred to an incubator that had been equilibrated to 32° C. 
10% CO, and ~95% humidity for a 24hr recovery period. 
0282 B. Method II. 
0283 Micro-organs (MOs) are harvested under local 
anesthesia from the dermis of the lower abdomen or the upper 
or lower back of the patient that will be treated, with dimen 
sions of approximately 1.5-2.5 mm in width, and 30 mm in 
length. Their dimensions and appearance remain essentially 
the same during the entire hEPO-GMMO Biopump ex-vivo 
production process. 
0284. The dermis micro-organs are transported under con 
trolled conditions to a contract cOMP (current Good Manu 
facturing Practice) processing facility. Upon receipt at the 
cGMP processing center, the MOs are divided into two sub 
sets: those to be processed immediately into Biopumps, and 
those that will be cryopreserved for later processing, if 
required, into Biopumps. The decision as to how many will be 
processed immediately will be based on an estimate of the 
EPO dose needed for that patient and an estimate of average 
secretion levels from typical Biopumps based on thousands of 
processed Biopumps in pre-clinical and clinical testing. 
0285 For the MOS that are processed immediately, the 
HDAd-EPO vector is used to perform the transduction. After 
transduction, residual viral particles are removed by several 
media exchanges. The Biopumps (transduced micro-organs) 
are maintained in culture for approximately one weekin order 
to assay for protein secretion levels and sterility. Release 
criteria of processed Biopumps are listed in Table 1. 

TABLE 1 

Test Sampled Release Criteria 

Sterility Day of release No growth of bacteria 
or fungi at 14 days. 

Gram Stain Day of release Negative 
Mycoplasma 3 days prior to release Negative 
Endotoxin 3 days prior to release Less than 0.5 EU/mL 
EPO identity 3 days prior to release and Positive for EPO 

day of release Secretion 
EPO activity 3 days prior to release and EPO Secretion >100 U. 

day of release Biopumpiday 
Glucose 3 days prior to release and Total glucose 
consumption day of release consumed -150 g. 

0286 The Biopumps are then transported under con 
trolled conditions back to the treatment center for subcutane 
ous implantation under local anesthesia in the abdominal wall 
or the upper or lower back of the same patient. 
0287 Micro-organs retrieved from cryostorage for pro 
cessing, if required, into Biopumps are first thawed prior to 
undergoing the transduction and maintenance procedures, as 
detailed above. Data demonstrate the comparability of 
Biopumps produced from fresh and cryopreserved MOs. 
0288 The decision as to how many dermal micro-organs 
are transduced at any given time, is based upon the estimated 
dose needed for the patient and an estimate of average secre 
tion levels from typical genetically modified dermal micro 
organs. Dermal micro-organs not used immediately for trans 
duction are cryopreserved for later processing 
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Virus Transduction 

0289 Each micro-organ was transferred for transduction 
into a well of a 48-well plate, which have smaller wells 
requiring Smaller total fluid Volume, to conserve virus. The 
medium was carefully removed from each well without dis 
turbing the micro-organ inside. During the preclinical experi 
ments, three different vectors were tested: 1.6-3x10 infec 
tious particles (ip)/ml of first generation adenovirus 
(Molecular Medicine), approximately 3-4x10' viral par 
ticles/ml helper-dependent adenovirus (Baylor), or approxi 
mately 2x10" viral particles/ml adeno-associated virus (Uni 
versity of Pennsylvania), each comprising recombinant 
human EPO gene, optimized recombinant human EPO gene, 
or optimized IFN-alpha gene, were each diluted 1:10, 1:25, 
1:50, 1:100, 1:500, or 1:1000 in DMEM-HEPES (Gibco 
CathA2430-025) with or without FCS. Each well of the 
48-well plates was filled with 100 uL of one of the diluted 
titers of a virus. The plate was placed in a CO, incubator and 
transduction was assisted by agitation on a digital microtiter 
shaker at 300 rpm for a period of 2 hours and an additional 
16-22 hour incubation without shaking. 
0290 The transduced micro-organs were transferred to a 
24-well plate after transduction and then washed three times 
with 1 mL production media (without FCS) to remove the 
non-transduced viral particles. After washing, the biopumps 
were maintained in 1 mL production media in a standard high 
humidity CO incubator at 95% humidity, 10% CO, and 32 
C. Seventy-two hours after the removal of the viral vector, the 
production medium was replaced with fresh medium, and 
aliquots of the spent medium were assayed for secreted 
recombinant protein levels. 

HDAd-EPO Vector for Clinical Trials 

0291. The delivery vector for the clinical trials described 
below in Examples 3 and 4, which is used ex-vivo to trans 
duce the cells of the micro-organ tissue samples which are 
biopsied from the dermis of the patient being treated, is a 
non-replicating helper-dependent Adenoviral (HDAC) vec 
tOr. 

0292. The HDAd vector may provide sustained protein 
expression and may prevent immune rejection. HDAC vectors 
lack all viral protein coding sequences and contain only the 
cis-acting elements required to replicate and package the 
vector DNA. Consequently, HDAC vectors may avoid the 
adaptive immune response that normally follows the admin 
istration of first-generation Adeno Vectors, thus giving the 
HDAdvectors an immunological advantage Muruve DA, et 
al, Helper-dependent adenovirus vectors elicit intact innate 
but attenuated adaptive host immune responses in vivo. J 
Virol 2004; 78 (11):5966-5972. In addition, the results of 
Examples 1, 2 and 5 demonstrated that HDAdvectors exhibit 
stable long-term transgene expression ex vivo. HDAC retain 
all the first-generation adenovirus advantages including high 
titer production, efficient infection of a broad range of cell 
types, and the ability to infect dividing and nondividing cells. 
Moreover, they express no viral proteins, can accommodate 
up to 36 kb of foreign DNA, and exhibit reduced tissue 
toxicity and prolonged transgene expression as compared 
with first-generation adenoviral vectors. 
0293. The expression cassette within the HDAd vector 
includes the gene for erythropoietin and a CAG promoter. 
FIG. 17 presents a map of the elements of the expression 
cassette. The nucleic acid sequence of the CAG-EPO expres 
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sion cassette for Examples 3 and 4 is presented as SEQID No. 
11. Included are multiple cloning site sequences (SEQ ID 
Nos. 14 and 15); a CAG promoter sequence (SEQID No. 12): 
human EPO intron-less gene from ATG to the stop codon 
(SEQID No.7); and SV40 polyA sequence (SEQID No. 13). 
0294 The major steps in the derivation of the HDAd con 
struct were as follows: p.Ad-CMV-EPO->p Ad-CAG 
EPO->pA28E4-CAG-EPOAHDAd-CAG-EPO. 
0295 Construction of p Ad-CAG-EPO plasmid was as fol 
lows. The paD-CMV-EPO vector was provided by Dr. Paul 
Robbins from the University of Pittsburgh (Hardy S., et al., 
1997, J. Virol. 71(3):1842-1849, LippinY. et al., 2005, Blood 
106(7): 2280-2286). In order to achieve higher levels of trans 
gene expression, traditional cloning techniques have been 
used to replace the CMV promoter with the CAG promoter, in 
order to arrive at the p Ad-CAG-EPO plasmid. 
0296 Construction of pa28E4-CAG-EPO plasmid was as 
follows: pa28E4 (Toietta et al., 2002, Mol. Ther. 5: 204-210) 
was used as the backbone to create the pa28E4-CAG-EPO 
plasmid. This pa28E4 plasmid contains two genomic human 
DNA stuffer sequences: the first corresponds to chromosome 
x HPRT1 (accession#AC004383 nt 60989-44991), and the 
second fragment corresponds to chromosome X clone CTD 
2537J14 map q28 (accession#AC109994 nt 66942-78052). 
These DNA fragments were inserted into pa28E4 as stuffer 
DNA in order to achieve the correct vector size that will 
enable the efficient generation of HDAd viral particles. 
0297. The pa28E4-CAG-EPO plasmid was constructed 
by conventional cloning techniques. The CAG-EPO expres 
sion cassette from pAd-CAG-EPO plasmid was inserted into 
the AscI unique site of the HDAC cloning shuttle vector, 
pA28E4, generating the pa28E4-CAG-EPO construct, which 
has the appropriate size for efficient and stable viral packag 
ing. FIG. 18 illustrates the cloning steps for the pa28E4 
CAG-EPO plasmid. 
0298. In addition to the HDAd-CAG-EPO sequences, the 
pA28E4-CAG-EPO contains bacterial sequences of Kanamy 
cin resistance and origin of replication, which are necessary 
for the DNA amplifying in bacteria (size 32.5 kb). 
0299. The construction of HDAC-EPO vector was as fol 
lows: In order to produce the HDAd-CAG-EPO (size 29.9 
kb), the pa28E4-CAG-EPO plasmid was cut with the PmeI 
restriction enzyme and the linearized vector was transfected 
into the 116 Cre-expressing producer cell line (see Schematic 
of FIG. 19). When the plasmid is linearized, the bacterial 
sequences were removed. The HDAd-EPO was then rescued 
by infecting the cells with the helper virus AdNG163 con 
taining a loXP-flanked packaging signal, which results in the 
excision of the viral packaging signal, rendering the helper 
virus DNA un-packagable (Cre-mediated recombination 
between the two loxP sites of the HV results in excision, 
rendering the helper virus genome un-packagable). However, 
the helper virus will still provide all of the trans-acting factors 
necessary for replication and packaging of pA28E4-CAG 
EPO, which contains the appropriate cis-acting elements i.e., 
viral packaging signal () and inverted terminal repeats 
(ITR). The titer of the HDAC was increased by serial co 
infections (called passages) of 116 cells with the HDAd and 
the helper virus. 
(0300. The non-replicating HDAd-EPO vector, is a key 
material used for the tissue processing, but was not directly 
administered to the subject. The HDAC-EPO vector was pro 
duced in two stages: 
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0301 1. Starting from the HDAd-EPO, whose derivation 
was detailed above, further vector batches are manufactured 
using the following steps: Amplification, in which the quan 
tity of HDAd-EPO was increased by serial co-infections (pas 
sages) of the 116 producer cells with the HDAd-EPO and the 
helper virus. 
0302 2. Large-scale production to generate large quanti 

ties of HDAd-EPO. 
0303. The HDAdvector was produced by co-infection of 
the 116 cells with AdNG163Helper Virus and HDAd-EPO 

Test 

Safety 

Mycoplasma Detection 

21 CFR 610.12 
Biologics-Sterility Test 

USP21 CFR 610.12 
Bacterial Endotoxin Test 

Cells (Extended Duration) 

Eggs, adult and Newborn Mice 

Reaction (qPCR): GLP 

Chain Reaction (qPCR): GLP 

Chain Reaction (qPCR): GLP 

Reaction (qPCR): (GLP) 

(GLP) 

Reaction (qPCR): (GLP) 

Reaction (qPCR): (GLP) 

Reaction (qPCR): (GLP) 

Hybridiztion (GLP) 
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vector in 10-layer Cell Factories. After a growth period with 
one media exchange, the 116 cells were harvested by cen 
trifugation, lysed by 3 freeze/thaw cycles, and DNA/RNA 
was digested with use of benzonase. HDAd-EPO viral par 
ticles were separated from the Helper virus particles and other 
host cell components by use of a CsCl gradient followed by 
two CsCl isopyenic runs. 
(0304) The HDAd-EPO vector produced was analyzed, the 
results of which are presented in Table 2 below: 

TABLE 2 

Protocol 
Number Specifications Results 

30200 Direct Negative Negative 
30200 Indirect Negative Inconclusive on harvest; 

Negative on final filled vials 
30744 No Growth Negative (no growth) 
30744A 
30736 No Inhibition PASS (no Inhibition) 

in vitro Assay for Adventitious Viral 
Contamination: MRC-5, VERO and Hs68 viral 

in vivo Assay for Viral Contamination 

(Bacteriostasis. Fungistasis), Immersion, 

37653 
3OS21 

<SEUSL 
No evidence of 

contamination 
30O27 No evidence of 

<O.SOO EUL 
No evidence of viral 
contamination 

No evidence of viral 
contamination (USFDA) Inculation of Embryonated Hen viral 

Detection of Human Parovirus B19 DNA 
by Quantitative Polymerase Chain 

Detection of Human Cytomegalovirus 
(CMV) DNA by Quantitative Polymerase 

Detection of Human Epstein-Barr Virus 
(EBV) DNA Quantitative Polymerase 

Detection of Simian Virus 40 (SV40) by 
DNA by Quantitative Polymerase Chain 

Detection of Human T-cell Lymphotropic 
Virus 1 and 2 (HTLV-1 and -2) RNA by 
Reverse Transcriptase Quantitative 
Polymerase Chain Reaction (RT-qPCR): 

Detection of Human Herpesvirus 6, 
Variant A (HHV-6A) and Human 
Herpesvirus 6, Variant B (HHV-6B) 
DNA by Quantitative Polymerase Chain 

Detection of Human Herpesvirus 7 DNA 
by Quantitative polymerase Chain 

Detection of Human Herpesvirus 8 DNA 
by Quantitative polymerase Chain 

DNA by Quantitative Polymerase Chain 

Detection of HIV-1 RNA by Reverse 
Transcriptase Polymerase Transcriptase 
Quantitative polymerase Chain Reaction 

Detection of HIV-2 RNA by Reverse 
Transcriptase-Polymerase Chain 
Reaction (RT-qPCR): LightCycler 
Amplification and Fluorescence Probe 

Detection of Human Hepatitis C Virus 

contamination 
30761 Negative Negative 

30705 Negative Negative 

30713 Negative Negative 

30715 Negative Negative 

30985 Negative Negative 

3O863 Negative Negative 

3O361 Negative Negative 

30913 Negative Negative 

30703 Negative Negative 

3.0635 Negative Negative 

30770 Negative Negative 

30730 Negative Negative 
(HCV) RNA by Reverse Transcriptase 
Quantitative polymerase Chain Reaction 
(RT-qPCR): (GLP) 
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TABLE 2-continued 

Protocol 
Test Number Specifications Results 

Detection of Human adeno-Associated 3O415 Negative Negative 
Virus Type 1, 2, 3, 4, 6, 7, 8, 10, 11 
(AAV-Pan) DNA by Quantitative 
Polymerase Chain Reaction (qPCR): GLP 
Detection of Adventitious Bovine 30236 Negative Negative 
Viruses: Extended Screening for Non 
Bovine Cell Lines Growth in Bovine 
Serum or Products 
Detection of Adventitious Porcine 30674 Negative Negative 
Viruses by 9 CFR Regulations: GLP 
Detection of Hepatitis A Virus (HAV) 3066S Negative Negative 
RNA by RT-qPCR 
Purity 

Detection of RCA 30698 <1 VP in 3 x OVP in 3 x 1010 vp 
1010 vp 

% Helper virus in HD-Ad-CAG-EPO 39.283 <0.5%: O.O13% 
final vialed product by qPCR (R & D) 
Residual Host cell DNA by TaqMan 30699 <10 ng/150 l <50pg per 150 ul 
Technology: GLP 
Residual for 3 Amplicons. Using Taqman 30369 <10 ng/150 il PASS: 1523.58 pg DNA per 
Technology: GLP 150 ul for the 102 bp amplicon. 

PASS: 706.68 pg DNA per 
150 ul for the 401 bp amplicon. 
PASS: 623.75 pg DNA per 
150 ul for the 765 bp amplicon. 

Immunoenzymetric assay for the 38068 Report PASS: <1 ng/ml of residual 
Determination of HEK 293 Host Cell HEK HCP, below the limit of 
Proteins the assay 
Immunological Detection of Benzonase 38067 Report PASS: <1.25 ng/ml of 
Endonuclease Benzonase (R) endonuclease, 

below the limit of the assay 
Fluorescent Polymerase Chain Reaction 30357 Negative Negative 
(PCR) - based reverse transcription (F- 
PBRT) assay: (GLP) 
Strength 

Adenovirus Particle Number by HPLC 30.783 Report PASS: >1.4 x 1012 VP/ml 
Identity and Potency/Activity 
DNA Sequencing 30903 Report Confirmed as anticipated 
Gene Expression Protein >200 IU/bp/day In house tests show 700 

expression IUBP/day on average 
following in 
vitro 
transduction 

Other 

Determination of pH and Appearance 38O26 Clear, colorless Clear, colorless solution. No 
(GMP) visible particulates present. 

HDAd Vector Stability TABLE 3 

0305. In order to check vector stability, vector was ali 
quoted and stored at -80° C. for 17 months. At different 
time-points, one aliquot was thawed and 4 micro-organs 
(freshly harvested from human tummy tuck slabs) were trans 
duced with the same protocol and the same vector titer used to 
produce genetically modified micro-organs. EPO production 
per day was assessed during a period of 12-17 days post 
transduction for potency assessment of the HDAdvector. In a 
retrospective analysis, the range of EPO secretion per day 
(average of the 4 Biopumps on days 12-17) was reviewed for 
each Such experiment and they were grouped by the number 
of months since the preparation of the frozen aliquots: 1-2 
months, 6-9 months, and 15-17 months post-aliquoting. The 
results are summarized in Table 3 below. 

HDAd-EPO lotif 1 Test groups of 4 Biopumps were transduced with 
3.4 x 1010 VP per BP, and EPO production measured days 12-17 

Post-production time of Number of Avg IU/BP/day 

experiments: time from experiments Highest Lowest 
vector production in months. in group obtained obtained 

Months 1-2 721.6 214.5 

Months 6-9 9 634.3 246.2 

Months 15-17 2 1201.7 355.4 
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0306 Results from the table above suggested that there 
was no evidence of reduced potency in genetically modified 
micro-organs prepared 15-17 months after production of the 
Vector. 

Transduction Efficiency 

0307. The transduction efficiency with the HDAd-EPO 
vector is presented in FIG.22. FIG.22 illustrates that increas 
ing the virus particle titer in the transduction solution, causes 
an increase in EPO secretion from the genetically modified 
micro-organs. Note that when titer was doubled from 1.25x 
10 to 2.50x10, and then again to 5.00x10, the EPO con 
centration in the media also proportionally doubled. This 
increase probably relates to an increase in the number of cells 
transduced or to an increase in the copy number of VP percell, 
indicating improved transduction efficiency. When VP titer 
was increased above 1.5x10" per Biopump, no significant 
increase in EPO secretion was detected (data not shown), 
Suggesting that the system under the current conditions is 
close to optimal. 

Ex Vivo Micro-Organ Maintenance 
0308 Every 3-4 days, used production media was col 
lected, and the level of the secreted recombinant protein and 
glucose level were assessed along with the viability of the 
biopumps. Fresh Production media was added to the 24-well 
plate. 

Secreted Protein Measurements 

0309 Human EPO (hEPO) and IFNC. concentration and 
secretion levels were assayed using an enzyme-linked immu 
nosorbent assay (ELISA) kit (Quantikine human erythropoi 
etin: R&D Systems: Human interferon alpha ELISA kit, PBL 
Biomedical Laboratories), according to the manufacturers 
instructions. 

0310. In general, use of a genetically modified dermal 
micro-organ expressing and secreting EPO required that mea 
surements 8-10 days after transduction of a group of 10 trans 
duced dermal micro-organs, showed secretion levels exceed 
ing 200U/BP/day. FIG. 20 represents the results of a test for 
EPO daily production from skins of different donors on day 8 
after transduction, all of which secrete in excess of the thresh 
old value of 200 U/BP/day. 

Glucose Measurements 

0311. Glucose metabolism is used as a non-destructive 
assay to determine in vitrogenetically modified micro-organ 
viability. Tissue glucose consumption was evaluated using 
either Sigma-Aldrich Corporation's GAGO20 Glucose (GO) 
Assay Kit, according to manufacturers instructions and/or a 
Glucose Meter (Accu-Check Sensor/Performa, Roche or 
equivalent). 

Hematocrit Measurements 

0312 Hematocrit levels were assayed using centrifuga 
tion using the reference method recommended by The 
National Committee for Clinical Laboratory Standards (NC 
CLS), as is known in the art. To determine the hematocrit, 
whole blood in a tube was centrifuged at 10-15,000xg for 5 
minutes to pellet the red cells (called packed erythrocytes), 
and the ratio of the column of packed erythrocytes to the total 
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length of the sample in the capillary tube was measured with 
a graphic reading device within 10 minutes of centrifugation. 

Hemoglobin Measurements 
0313 Hb concentration levels were measured as part of 
overall laboratory hematology assessments, which measured 
Hb, hematocrit, leukocytes, erythrocytes, MCV. MCH, 
reticulocyte, and platelet count. For instance, an automated 
Seimens ADVIA platform may be used to measure the Com 
plete Blood Counts. Hb was evaluated by two methods, a 
standard cyan methemoglobin colorimetric method and flow 
cytometry. 

Micro-Organ Implantation-SCID 
0314. In some experiments, genetically modified or con 
trol micro-organs were implanted Subcutaneously in Severe 
Combined Immunodeficiency (SCID) mice after assaying 
tissue glucose consumption to ascertain that micro-organs 
were viable. Male and female SCID mice weighing around 25 
grams were anaesthetized with 140 ul of diluted Ketaset 
(ketamine HCl) (400 ul Ketaset and 600 ul saline) and control 
or EPO-expressing micro-organs were implanted Subcutane 
ously ten days following micro-organ transduction. 

Micro-Organ Implantation-Human 

0315. During the clinical trials, genetically modified or 
control micro-organs were implanted Subcutaneously or 
intradermally under local anesthesia in the lower abdomen, 
abdominal wall or the upper or lowerback of the same human 
patients from which they were derived, after a patient screen 
ing period which included signing the informed consent, 
laboratory tests, medical history, physical examination, ECG, 
and concomitant medication documentation. In the results 
shown herein for the human clinical trials, day “0” is the day 
of implantation. In addition, GMMO and control micro-or 
gans were assayed for tissue glucose consumption to ascer 
tain that micro-organs were viable. Control or EPO-express 
ing micro-organs were implanted Subcutaneously or 
intradermally. 

Example 1 

EPO and IFNC. Levels Produced In Vitro by 
GMMOS 

0316 Micro-organs were prepared as described above and 
transduced with a helper-dependent adenoviral vector 
expressing an optimized IFNC gene linked to a CAG pro 
moter, as described above. GMMOs were then maintained in 
culture, and the levels of IFNC. produced were evaluated by 
ELISA. Optimized IFNC-expressing micro-organs produced 
greater than 1000 ng/day of IFNC. in vitro (FIG. 1) for at least 
40 days post-harvesting, and recombinant hEPO-expressing 
micro-organs produced greater than 1000 ng/day of hEPO in 
vitro (FIGS. 2A-B) for at least 142 days post-harvesting. 
0317 GMMOs comprising a gutless adenovirus vector 
encoding optimized hEPO maintained higher percentages of 
peak expression for more than 200 days compared to micro 
organs comprising an adenovirus-5 vector encoding hEPO 
(FIG.3). Micro-organs comprising a gutless adenovirus vec 
tor encoding optimized hEPO also maintained a higher per 
centage of peak expression for a longer period of time than 
micro-organs comprising a gutless adenovirus vector encod 
ing non-optimized hEPO (FIG. 4). Finally, micro-organs 
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comprising a gutless adenovirus vector encoding hEPO 
downstream of a CAG promoter showed higher levels of 
hEPO expression, which grew more pronounced as a function 
of post-transduction day, compared to micro-organs compris 
ing a gutless adenovirus vector encoding hEPO downstream 
of a CMV promoter (FIG. 5). 

Example 2 

EPO Levels Produced by Human EPO-Expressing 
GMMOs Maintained In Vitro and in Serum of 

Implanted SCID Mice 
0318 EPO-expressing micro-organs were prepared as 
described above. After a total of nine days in culture, the 
amount of EPO produced per micro-organ was measured, and 
this value was used to determine that each mouse was 
implanted with micro-organs expressing equivalent levels of 
EPO. On the tenth day, two micro-organs were implanted 
subcutaneously into each SCID mouse and on the first mea 
surement taken after ten days, levels of hEPO measured in the 
serum of the SCID mice were significantly above baseline 
levels. The levels remained high at least 216 days post-im 
plantation and significantly raised hematocrit levels in SCID 
mice for at least 157 days (FIG. 6A). Non-implanted EPO 
expressing micro-organs produced from the same donorat the 
same time as the implanted EPO-expressing micro-organs but 
maintained in vitro continuously maintained high levels of 
EPO production (FIG. 6B). Micro-organs transduced with 
vectors comprising optimized hEPO gene produced higher 
levels of EPO than those transduced with recombinant hEPO 
gene both in vivo (FIG. 6A) and in vitro (FIG. 6B). Control 
SCID mice implanted with non-EPO-producing micro-or 
gans showed no increase of serum EPO levels and no signifi 
cant changes in hematocrit levels after micro-organ implan 
tation compared to pre-implantation (FIG. 6A). Micro-organs 
comprising EPO-expressing adenovirus-5, which was used as 
a positive control, was used at a titer of 1:10 compared to a 
titer of 1:100 for micro-organs comprising EPO-expressing 
optimized or non-optimized gutless adenovirus. 

Example 3 

Increased Hemoglobin (Hb) Levels Produced by 
Implanting Human EPO-Expressing 

GMMO 

Human Clinical Trials 

Clinical Studies Overview 

0319. The clinical studies below enlisted anemic, pre-di 
alysis chronic kidney disease (CKD stage 3-4) patients. The 
CKD stage is based on MDRD-GERModification of Diet in 
Renal Disease (MDRD) Study equation forestimating Glom 
erular Filtration Rate (GFR) from serum creatinine. Patients 
participating were not iron deficient using measurements of 
transferrin saturation 96 (TSAT 96) and ferritin (ng/ml) as 
criteria. Patients were either naive with respect to EPO-de 
pendency or if EPO-dependent, they are withdrawn from 
erythropoiesis stimulating agents (ESA) for a period of at 
least 4 weeks. The term “patient’ as used herein may also be 
referred to herein as a “subject’. 
0320 For determination of Hb baseline, a baseline Hb 
average of values was determined from the previous 30 days 
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in naive participants or baseline was determined from the 
projected nadir 100 days post last ESA injection and if avail 
able compared to historical Hb values. FIGS. 11A and 11B 
show Hb values prior to implantation and the projected nadir. 
Hb values after implantation are also shown. Basal measure 
ments: RBC count, Hb, Hct (%), absolute reticulocytes count, 
serum EPO level (mu/ml), iron status on day-30, day -9, and 
the day of implantation (day 0) were collected. 
0321 Assessment of efficacy was performed by measur 
ing EPO levels, Hb and hematocrit, and taking reticulocytes 
counts three times per week for the first 2 weeks, thereafter 
twice per week until the sixth week, and once weekly there 
after. Criteria for assessment included Hb response and dura 
tion of effect. 
0322 FIG. 15 presents Demographic data for participants 
in the studies described below. 
0323 Safety results of the clinical trials support the advan 
tages of use of genetically modified micro-organs in a clinical 
setting. Specifically, safety results showed: (a) no adverse 
events in any patients treated; (b) the procedure was brief and 
well tolerated; (c) no evidence of anti-EPO antibody forma 
tion (blood samples were tested prior to, during, and after 
treatment and no increase in EPO antibodies was observed as 
a result of treatment); and (d) no serum EPO levels to date 
exceeded 60 mU/ml. 

Clinical Trial Single Administration 
0324 Phase I clinical trials were performed in Israel, in 
which pre-dialysis anemic patients with chronic kidney dis 
ease (CKD), stage III and stage IV, were implanted with 
autologous hEPO-GMMOs of the sustained type (a long 
lasting therapeutic formulation) of the present invention. A 
single implantation treatment with GMMO-hEPO provided 
between 3 to greater than 16 months of effective EPOtherapy. 
Approval for the Phase I/II GMMO hEPO trial was approved 
by Israel's Ministry of Health and was conducted at the 
Hadassah Medical Center and the Sourasky Tel Aviv Medical 
Center. The clinical trial was conducted according to regula 
tory and clinical standards of the FDA, in order to facilitate 
later US based clinical trials. 
0325 Patients were treated at 18-25 IU/kg/day (low dose) 
or at 35-45IU/kg/day (mid dose) or at 55-65 IU/kg/day (high 
dose). FIG. 7 shows the correlation of Net Peak serum EPO 
rise over baseline to the EPO dose administered (IU/kg/day). 
0326 Results showed that Hb levels (Hb) were maintained 
in the 10-12 g/dl range (therapeutic window) in the majority 
of patients using low dose administration of 18-25 IU/kg/day, 
mid dose administration of 35-45 IU/kg/day or high dose 
administration of 55-65 IU/kg/day. FIGS. 8A, 8B and 8C 
illustrates that the sustained Hb response within the therapeu 
tic window, persisted for between 1-24 months. This sus 
tained Hb response result is independent of any injections of 
EPO. 

0327 Male and female patients ranging in age from 21-82 
were included in the study. 
0328 Patient 1 was an EPO naive patient. Clinical statis 
tics and details of EPO trial for Patient 1 include: 82 year old 
male; Stage 4 CKD patient; GFR 21 ml/min, adequate iron 
stores (Transferrin saturation 33%, ferritin 340 ng/ml); and 
received low EPO dose (18-25 IU/kg/day). 2 hEPO-GMMO 
administered. 

0329 Comments on treatment included: No adverse 
events; good Hb response; and satisfied with treatment 
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though tired of frequent blood sampling and follow up visits 
for the study protocol requested early termination after 4.5 
months. 
0330 FIG.9 shows sustained Hb response in patient 1, for 
a period of 131 days. 
0331 Patient 2 was an EPO dependent patient. Clinical 
statistics and details of EPO trial for Patient 2 include: 71 year 
old male, Stage 3 CKD patient; EPO dependent for 18 
months, received 6000 IU every 10 days, last administered 40 
days prior to EPO treatment; GFR 57 ml/min, adequate iron 
stores (Transferrin saturation 26%, ferritin 105 ng/ml); 
received low EPO dose (18-25 IU/kg/day)–3 hEPO-GM 
MOs administered 
0332 Comments on treatment included: No adverse 
events; satisfied with treatment; good Hb response; and Suc 
cessfully completed over 12 months of follow-up. Patient is 
physically active and requests re-enrollment for higher dose 
after current treatment. 
0333 FIG. 10A shows sustained Hb response was main 
tained within the therapeutic window in patient 2 for two 
years. FIGS. 10B and 10C show reticulocyte count and serum 
EPO levels, respectively, over a period of greater than 200 
days for patient 2. 
0334 Patient 3 was an EPO dependent patient. Clinical 
statistics and details of EPO trial for Patient 3 include: 58 year 
old male, Stage 4 CKD patient; EPO dependent for 16 
months, received 5000 IU once per week, last administered 
39 days prior to EPO treatment; GFR 26 ml/min, adequate 
iron stores (Transferrin saturation 23%, ferritin 243 ng/ml); 
and received low EPO dose (18-25 IU/kg/day) 4 hEPO 
GMMOs administered 
0335 Comments on treatment included: No adverse 
events; good Hb response: elevation of -2 gm/dl over baseline 
Hb level. The target level not sustained at current dose. 
Patients inclusion in study was terminated to receive Supple 
mental EPO injections. 
0336 FIG. 11A shows sustained Hb response was main 
tained just under the target therapeutic window in patient 3 for 
92 days. 
0337 Patient 4 was an EPO naive patient. Clinical statis 

tics and details of EPO trial for Patient 4 include: 57 year old 
female, Stage 3 CKD patient; EPO naive; GFR 32 ml/min, 
adequate iron stores; and received low EPO dose (18-25 
IU/kg/day) 5 hEPO-GMMOs administered. 
0338 Comments on treatment included: No adverse 
events and good Hb response. 
0339 FIG. 12 shows sustained Hb response within the 
therapeutic window in patient 4, for a period of 224 days. 
(0340 Patient 5 was an EPO dependent patient. Clinical 
statistics and details of EPO trial for Patient 5 include: 51 year 
old female, Stage 4 CKD patient, polycystic kidney disease; 
EPO dependent, received 60 g of Aranesp once per 3 weeks, 
last administered 113 days prior to EPO treatment; GFR 18 
ml/min, adequate iron stores (Transferrin saturation 39%. 
ferritin 371 ng/ml); and received low EPO dose (18-25 IU/kg/ 
day)–6 hEPO-GMMOs administered. 
0341 Comments on treatment included: No adverse 
events; transient Hb response, insufficient; and discontinued 
from trial on day 35 
0342 Patient 6 was an EPO dependent patient. Clinical 
statistics and details of EPO trial for Patient 6 include: 40 year 
old female, Stage 4 CKD patient, polycystic kidney disease— 
candidate for transplant; EPO dependent for 6 weeks, 
received 2000 IU twice per week, last administered 29 days 
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prior to EPO treatment; GFR 25 ml/min, adequate iron stores 
(Transferrin saturation 33%); and received low EPO dose 
(18-25 IU/kg/day) 4 hEPO-GMMOs administered. 
0343 Comments on treatment included: No adverse 
events; good initial Hb response; deterioration in renal func 
tion; supplemental EPO injections given. Patient discontin 
ued from study to go on dialysis. 
0344 FIG. 13 shows sustained Hb response within the 
therapeutic window in patient 6, for a period of 89 days. 
0345 Patient 7 was an EPO naive patient. Clinical statis 

tics and details of EPO trial for Patient 7 include: 77 year old 
male, Stage 4 CKD patient; EPO naive; GFR 19 ml/min, 
adequate iron stores; and received medium EPO dose (35-45 
IU/kg/day) 8 hEPO-GMMOs administered. 
0346 Comments on treatment included: No adverse 
events and was a low responder. 
0347 FIG. 14 shows sustained Hb response mostly within 
the therapeutic window in patient 7, for a period of 172 days. 
0348 Results of this study showed blood of patients 
receiving low and medium doses of hEPO-GMMOs show 
sustained Hb levels within the therapeutic window for an 
extended period of time. Further, patients had no serious, 
product related adverse events and did not report major dis 
comfort during or after the procedures. 

Clinical Trial Dose Augmented by a Second 
Administration 

(0349 Patient 10 was an EPO dependent patient treated 
with two low-dose administrations. The first administration 
was at day 0 followed by a second administration at day 70. 
FIG. 16 illustrates that the first dose sustained elevation of 
EPO at between 2-5 mU/ml above the baseline of 10 mU/ml 
and Hb at 10.2 g/dl versus a nadir of 8.8 g/dl. Following the 
administration of the second dose a similar peak response was 
observed in EPO serum levels and reticulocytes, with an 
apparent increase in Hb. 
0350 Results with a second administration show that 
retreatment is feasible, safe and effective. 

Safety Results 
0351. This study was initiated in August 2008 and has 
been conducted at two clinical sites. It was a Phase I/II, open 
label, single center, uncontrolled, dose escalation study, com 
prising three dosage groups (approximately 20, 40, and 60 
EPO IU/kg/day). Table 4 below lists individual demograph 
ics, dose, and previous EPO exposure of each of the 17 
patients treated through May 8, 2011. 

TABLE 4 

Target 
Age, EPO Weight dose IU. Actual dose Biopumps 

Patient Sex naive kg kg/day IU/kg/day implanted 

1 82, M Yes 84 18-25 21.4 2 
2 72, M. No 75 18-25 2SO 3 
3 58, M No 84 18-25 24.7 4 
4 68, F Yes 62 18-25 23.5 5 
5 50, F No 70 18-25 24.9 6 
6 42, F No 75 18-25 23.4 4 
7 77, M Yes 85 35-45 40.7 8 
8 48, F Yes 62 35-45 45.1 3 
9 76, M. No 67 35-45 4S.O 4 
10 (a) 64, F No 88 18-25 25.2 6 
10 (b) 18-25 23.8 3 
11 70, F No 98 35-45 43.7 5 
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TABLE 4-continued 

Target 
Age, EPO Weight dose IU. Actual dose Biopumps 

Patient Sex naive kg kg/day IU/kg/day implanted 

12 21, F No 82 35-45 32.8 8 
13 52, M. No 70 35-45 41.6 9 
14 52, M Yes 53 55-65 64.7 3 
15 60, F No 84 
16 73, F Yes 87 55-65 57.2 9 
17 69, M. No 58 55-65 62.O 9 
18 44, F No 60 55-65 65.1 7 

0352. The patient procedures of harvesting and implanta 
tion have been well tolerated by the patients in the trial, for 
doses up to 65 U/kg/day. Erythema and edema have been 
noticed in some of the cases, and Subcutaneous hematoma 
was usually mild, with no observable correlation to the dose. 
Signs of the local Subcutaneous hematoma disappear after 
approximately two weeks after the procedure. Local pain, 
reported in some cases, was usually mild and lasted only one 
day or slightly longer if no analgesic was taken. 

Summary 

0353 Clinical trials presented show that hEPO-GMMO is 
safe and treatments are amenable to varying dosages, with 
feasibility demonstrated at dosages of about 18-25 IU/kg/day, 
35-45 IU/kg/day and 55-65 IU/kg/day. Surprisingly, a single 
administration of an hEPO-GMMO provided a sustained Hb 
response in the therapeutic window (10-12 g/dl blood Hb) for 
at least 3 months to more than 24 months for most patients. 
0354 Repeat administration had been shown to be safe 
and efficacious. At the same time, it has been shown here that 
subcutaneous implantation of an hEPO-GMMO provided a 
sustained source of EPO for subjects in need thereof. Thus, 
subcutaneous implantation of hEPO-GMMO is a significant 
advance in providing an effective Sustained treatment alter 
native to patients in need, compared to months of frequent 
bolus injections of ESAs. 

Example 4 

Preclinical Toxicology and Physiological Function 
Studies in SCID Mice 

0355. A Good Laboratory Practice (GLP) toxicology 
study was performed at Harlan Biotech Israel. The objective 
of this study was to assess the potential toxic effects of the 
Test Product Biopump HDAd-hEPO following a single sub 
cutaneous implantation in the NOD-SCID mouse for a maxi 
mal exposure period of 12 weeks in respect to its intended use 
as a constant source for prolonged drug delivery in chronic 
renal failure disease. 

0356. The design of the toxicology study was reviewed in 
detail and agreed upon with the Head of FDA's Preclinical 
Division, and implemented accordingly. 
0357. In view of the relatively short lifespan of SCID mice 
(ca 18 mo), the durations presented in Table 5 were judged 
reasonable for testing toxicological safety to Support the pro 
posed clinical trial. 
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TABLE 5 

Experimental Design 

i 
Totalii # sacrificed # sacrificed sacrificed 

BP Dose of mice (c) 2 wks (a) 8 wks (a) 12 wks 

300-450 IU 30 (15M, 15F) 5M, 5F 5M, 5F 5M, 5F 
Epo/day 
Control - non 18 (9M, 9F) 3M, 3F 3M, 3F 3M, 3F 
transduced 
Control - no 18 (9M,9F) 3M, 3F 3M, 3F 3M, 3F 
micro-organ 

0358. In the first group, each animal received a portion of 
a Biopump (GMMO) that secreted in the range of 300-450 IU 
EPO/day. 
0359 The second group was an implanted control group, 
in which each animal received a similar sized portion of a 
dermal non-transduced micro-organ. 
0360. The third group as a “no micro-organ” control 
group, in which each animal was treated with identical Sub 
cutaneous related procedures as in the control group but with 
no implant 
0361 Clinical Signs: 
0362. Throughout the entire observation period, careful 
clinical examinations were carried out and recorded for all the 
animals in the study at least once daily. Observations include 
changes in skin, fur, eyes, mucous membranes, occurrence of 
Secretions and excretions (e.g. diarrhea) and autonomic activ 
ity. Changes in gait, posture and response to handling, as well 
as the presence of bizarre behavior, tremors, convulsions, 
sleep and coma were also observed and were recorded. 
0363 Body Weights: 
0364 Determination of individual body weights of all the 
animals in the study was carried out at the randomization 
procedure, followed by body weight determination prior to 
the single Subcutaneous implantation/sham operation, 2 days 
later and thereafter on a weekly basis. 
0365 Food Consumption: 
0366 Measurements of food consumption was carried out 
during the acclimation period, followed by weekly basis mea 
surements throughout the entire observation period for all the 
animals in the study. 
0367 Collection of Blood Samples (Interim Bleeding 
Sessions): 
0368 All animals were subjected to interim bleeding ses 
sions for Hematology & Biochemistry parameters, carried 
out every 13-15 days from the day of the single subcutaneous 
implantation. In order to keep the uniformity within the study, 
all the animals in the study were subjected to the interim 
bleeding sessions. The blood samples served, among others, 
for the purpose of measuring the Hematocrit (HCT) levels. 
0369 Necropsy Procedures & Macroscopic Examination: 
0370 All the animals originally assigned to the potential 
toxicity assessments were subjected to a full detailed 
necropsy and gross pathological examination. 
0371 Organ/Tissue Collection, Weighing & Fixations: 
0372 All the organs/tissues were collected during the 
respective scheduled necropsy session. 
0373) Results: 
0374. A test Product-treated female mouse was found 
dead in its cage on Day 7 of the study. In addition, a Test 
Product-treated male mouse was found dead on Day 52. No 
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further mortality occurred in any of the Test Product, Control 
Item or Sham-operated groups (including spares). 
0375 No obvious treatment-related reactions were 
observed among the Test Product, Control Item or Sham 
operated Surviving animal throughout the entire observation 
period. 
0376 Elevated HCT levels were recorded throughout the 
entire observation period within the Test Product treated 
animals in view of the continuous secretion of hEPO by the 
Test Product itself. Statistically significant increased (p, 0.05 
& p, 0.01) HCT values were revealed within the Test Prod 
uct treated group on Days 15, 28, 43, 57 & 70 Vs. the 
respective Sham-Operated mean group values. 
0377. In view of the histopathological findings obtained 
under the conditions of this study, it can be concluded that the 
Test Product Biopump HDACl-hEPO, subcutaneously 
implanted in the NOD-SCID mouse as a constant source for 
prolonged drug delivery at the dose of 300-450 IU/animal/ 
day for a maximal exposure period of 12 weeks, is associated 
only with pharmacological-related changes, observed in all 
three scheduled termination time points. 
0378. Further, long-term erythrostimulatory activities of 
Biopump HDAd-hEPO in two comparable groups of SCID 
mice were run in parallel at two well established animal 
facilities. Four mice of each group were implanted Subcuta 
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tored for over 6 months. In both cases, steady secretion was 
observed, attesting to the continued presence of the trans 
gene, its structural stability and long-lasting consistent 
expression of EPO. 

Example 6 

Preclinical Cell Count and Viability Cell Count 
Studies 

0383. The dermal micro-organ samples were maintained 
ex-Vivo under culture conditions which ensured optimal 
viability and wherein the dermal micro-organ stays intact 
throughout the ex-Vivo process. 
0384. To confirm that dermal micro-organs remain intact 
and viable and to assess the typical number of cells that can be 
expected in a genetically modified dermal micro-organ, 
sample genetically modified dermal micro-organs were bro 
kendown into individual cells in order to count the number of 
viable cells. The genetically modified dermal micro-organs 
were broken down by collagenase digestion followed by try 
pan blue staining at day 1 and after 9 days of maintenance. 
The results showed no significant change in the number of 
cells during the maintenance period (FIG. 21 and Table 6), 
with approximately 1 million viable cells in each genetically 
modified dermal micro-organ. 

TABLE 6 

NUMBER OF CELLS (x106)/BIOPUMP 

Days from Experiment Experiment Experiment Experiment Experiment Experiment 
transduction H-36 H-37 H-38 H-39 H-40 H-42 

1 1.15 O.895 0.787 O.89 O.87 1.39 
9 1.3 1.06 0.753 O.61 1.058 1.025 

neously with two Biopump HDAC-hEPO per mouse, secret- 0385 Since the micro-organs were transduced ex-vivo 
ing a total of approximately 300 IU/day. The mice were bled 
every 10 days and hematocrit was measured by the centrifu 
gation method and serum EPO levels using a clinical grade 
EPO ELISA kit (note: EPO levels in the mice serum were 
measured by an ELISA kit which is specific to human EPO, 
with no cross-reactivity to mice EPO). As seen in the FIG. 24, 
elevated serum EPO levels and subsequent rise in hematocrit 
were found in both experimental groups, which maintained 
high levels of hematocrit for several months. The control mice 
did not have elevated serum EPO levels or elevated hemat 
ocrit (data not shown). 
0379. Overall, these studies showed long-term elevation 
of serum EPO and elevation of hematocrit for up 8 months, 
which comprises a significant portion of the typical lifespan 
of the SCID mice. 

Example 5 

Long Term Ex Vivo EPO Secretion 
0380 Dermal micro-organs were prepared as described 
above and transduced with a helper-dependent adenoviral 
vector comprising SEQID No. 11 and expressing EPO. The 
dermal GMMOs were then maintained in culture, and the 
levels of EPO produced were evaluated by ELISA. 
0381 Results: 
0382. The bar graph presented in FIG.23 shows long term 
ex-vivo EPO secretion after transduction. Dermal GMMOs 
produced from dermis of two different subjects were moni 

and the genetically modified micro-organs undergo several 
media exchanges during the ex-vivo processing over the 
course of 9-10 days, the residual viral load to the patient was 
very low. Testing of the residual vector concentration in the 
tissue before implantation showed 4 logs reduction below the 
initial virus load in the transduction fluid (approximately 2.36 
E10/BP for transduction. In support, the clinical trial pre 
sented in Example 3 demonstrated no patient safety issues 
were encountered in relationship to the HDAc EPO vector. 

Example 7 

Phase II Human Clinical Trials 

Clinical Study Overview 
0386 This is a Phase II, open-label, multi-center, con 
trolled, randomized, tailored and titrated dose study. The trial 
is enrolling about 100 candidate subjects (randomized into 
treatment or control groups) at approximately 5-10 medical 
CenterS. 

0387 Subjects in the 2 arms undergo similar study evalu 
ations. Each patient randomized for treatment with dermal 
GMMO-hEPO undergoes harvesting of 15 dermal tissue 
biopsies (micro-organs) from the lower abdomen under local 
anesthesia. The required portion of these micro-organs are 
processed and sent back to the treatment facility within 14 
days of harvesting for Subcutaneous implantation back to the 
patient, also in the lower abdomen under local anesthesia. The 
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number of micro-organs processed into dermal GMMO 
hEPO is based on the targeted initial dose required by the 
patient derived from the dosage of previous EPO injections. 
Unprocessed micro-organs are cryo-preserved for possible 
later use if additional EPO is required by the patient during 
the titration period, defined as the first two months after initial 
administration. 
0388. During the titration period, if the hemoglobin con 
sistently declines during the first month after treatment, addi 
tional dermal GMMO-hEPO are prepared from cryo-pre 
served micro-organs in order to perform a second 
administration during the two-month titration period. The 
number of dermal GMMO-hEPO to prepare is based on the 
rate of decline of hemoglobin and clinical judgment. 
0389. In the case of excessive response, defined as hemo 
globin rise above 12 g/dl for 4 consecutive weeks, dose reduc 
tion by excision of one or more dermal GMMO-hEPO is 
performed. Dermal GMMO-hEPO are removed in order to 
decrease the total administered dose (in U) to the patient 
based on the rate of elevation of the hemoglobin and clinical 
judgment. Further dermal GMMO-hEPO excision can be 
performed at any period if further excessive response is 
observed in the patient. 
0390 The efficacy assessment period commences either 
after the dose adjustment (second administration of dermal 
GMMO-hEPO or resection of dermal GMMO-hEPO), if per 
formed, or from the initial administration. The duration of the 
efficacy assessment period is 4 months. Following the 4 
months of efficacy assessment period, an additional period of 
4 months of follow-up commences, during which the patient 
is further monitored for longer-term safety and duration of 
hemoglobin maintenance. 
0391 The objective of the trial is to maintain the patients 
hemoglobin levels in the range of 9-11 g/dl for 4 months or 
more with significant reduction in the need for erythropoi 
etin-stimulating agent (ESA) injections. Laboratory param 
eters are used to evaluate the response of the treatment. Mea 
Surements blood parameters include complete blood count, 
EPO levels (by clinical ELISA kit), reticulocytes levels (an 
initial sign of bone marrow response) and hemoglobin levels. 
0392 Patients who are in the control arm continue to 
receive their regular ESA injections per the standard of care 
and will be evaluated similarly to the treatment arm. 

Clinical Trial 

0393 Subjects: 
0394. A total of about 100 human subjects are in this study. 
Two-thirds of the subjects will be in the dermal GMMO 
hEPO treatment group, and one-third of the subjects will be in 
the control arm that is treated by Standard of Care. Subjects 
may include end stage renal disease patients on dialysis. 
0395. Inclusion Criteria include at least: Adult male or 
female subjects between 18 to 75 years of age at the time of 
screening visit; Subject diagnosed with anemia due to chronic 
renal failure CKD stage 5 and being treated with hemodialy 
sis for at least 3 months; Patients treated with recombinant 
erythropoietin to treat their anemia for at least 3 months; 
Stable Hb and EPO levels due to ESA injections, e.g., patient 
receiving ESA injection therapy for at least 3 months, 
wherein hemoglobin levels have been stable at physiological 
levels for at least one month; Efficient dialysis defined as: 
Kt/V>1.2; Subjects who are clinically stable: Serum albumin 
>3.5 g/dl; 8. Subjects with adequate iron stores (transferrin 
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saturation >20.0% and/or ferritin >200 ng/mL); and Willing 
to provide written informed consent to participate in the 
study. 
0396 Subjects requiring more than 65 IU/kg/day are 
excluded from the study. 
0397 Harvesting: 
0398 Fifteen dermal tissue samples (1.5-2.5 mm in diam 
eter and approximately 30 mm long) are harvested from the 
lower abdomen under local anesthesia. The harvest procedure 
utilizes a vacuum positioning device and a symmetrically 
sharpened coring needle attached to a commercially available 
medical drill. The tissue samples are primarily dermis (con 
taining approximately 1 million fibroblasts on average) with 
potentially trace amounts of epidermis and fat. The tissue 
samples remain intact (are not broken down into individual 
cells) throughout the entire ex-Vivo processing and even after 
implantation back into the same patient. 
0399. The harvest process is performed only once. The 
initial administration of dermal GMMO-hEPO is based on 
the previous dosage of EPO that the patient received by injec 
tions prior to dermal GMMO-hEPO treatment. Micro-organs 
that are not processed into dermal GMMO-hEPO are cryo 
preserved. If the initial dosage by dermal GMMO-hEPO is 
found to be insufficient during the titration period (defined as 
the first two months after administration) further dermal 
GMMO-hEPO will be processed from the cryo-preserved 
micro-organs. A second administration will be performed 
after the processing. 
04.00 
0401 The micro-organ tissue samples (containing 
approximately 1 million cells on average) remain intact 
throughout the ex-vivo processing, including the transduction 
with the HDAd-EPO vector. These same tissue samples are 
then administered back to the patient. 
0402. The implantation procedure utilizes a vacuum posi 
tioning device and an implantation needle. Each dermal 
GMMO-hEPO is loaded into the cannula of the implantation 
needle, and the needle is inserted Subcutaneously, guided by 
the vacuum device, in the area of the lower abdomen under 
local anesthesia. A maximum of 15 dermal GMMO-hEPO 
can be implanted, depending on required dose of the patient 
being treated, which would be a total of approximately 15 
million cells. 

0403. A second administration of dermal GMMO-hEPO 
may be performed during the titration period, defined as the 
first two months after initial administration, based on the 
hemoglobin response of the patient to dermal GMMO-hEPO. 
0404 Analysis: 
04.05 Each dermal GMMO-hEPO is characterized for 
daily secretion rate of EPO, and glucose consumption, eX 
vivo, which gives an indication of tissue viability. In order to 
assess the presence and effects of contaminants, during eX 
Vivo maintenance, the spent medium is assayed for Sterility, 
gram stain, mycoplasma and endotoxin. Individual dermal 
GMMO-hEPO will be rejected if they fail the release crite 
rion. 

0406. In addition, EPO concentration in the patients 
serum is measured prior to and after implantation in order to 
determine elevation of serum EPO level above baseline after 
dermal GMMO-hEPO administration. Follow-up and mea 
surements will be for between seven and thirteen months 
from the last of implantation date. 

Implantation: 
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0407 
0408. It is expected that patients will show maintenance of 
hemoglobin within the range of 9-11 g/dl for 4 months or 
more with a single administration of dermal GMMO-hEPO, 
adjusted to dose, with significant reduction in the need for 
ESA injections. 
04.09 Secondarily, it is expected that implantation will 
result in the avoidance of Supra-physiological elevations of 
serum EPO levels defined as above 200 mU/ml, and reduction 
of exogenous EPO administration in comparison to standard 
of care (SOC). 
0410. Measurement of the hemoglobin level is the primary 
indication of the progression of the anemia. The hemoglobin 
levels of the patients are monitored on a weekly basis 
throughout the treatment. In addition, laboratory parameters 
are used to evaluate the response of the treatment. Measure 

Results: 
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ments are of blood parameters including complete blood 
count, EPO levels, and reticulocytes levels (an initial sign of 
bone marrow response). 
0411 Patients in the trial will be in the study for about 10 
months after initial administration of dermal GMMO-hEPO. 
0412 Summary: 
0413. The major anticipated clinical benefit of the clinical 

trial is the maintenance of the hemoglobin within the target 
therapeutic window of 9-11 g/dl with significantly reduced 
need for additional injections of ESAs and/or blood transfu 
sions. It is anticipated that a continuous steady delivery of 
EPO will enable better hemoglobin control in comparison to 
EPO injections and will result in less hemoglobin cycling 
which has been linked to increased morbidity and mortality in 
renal anemia patients. 
0414. It will be appreciated by a person skilled in the art 
that the present invention is not limited by what has been 
particularly shown and described hereinabove. Rather, the 
scope of the invention is defined by the claims that follow: 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS : 15 

<21 Os SEQ ID NO 1 
&211s LENGTH: 582 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: optimized variation of human EPO 

<4 OOs SEQUENCE: 1 

atgggcgtgc acgagtgc.cc cqcctggctg tdgctgctgc tigtc. cctgct gt Ctctgc cc 60 

Ctgggcctgc ctgtgctggg agc.ccct coc cq9ctgatct gcgacagoCg ggtgctggaa 12O 

agatacctgc tiggaa.gc.caa agaggcc.gag aa catcacca ccggctg.cgc cagcactgc 18O 

agcctgaacg agaat at cac cqtgc.ccgac accalaggtga acttctacgc ctggaagcgg 24 O 

atggaagtgg gccagcaggc cgtggaagtg tdgCagggcc tdgc cctgct gtc.cgaggcc 3 OO 

gtgctgagag ggcaggc cct gctggtgaac agcagc.ca.gc cctgggagcc totgcagctg 360 

cacgtggaca aggcc.gtgag cqgcctg.cgg agcctgacca cc ctgctgag ggcc ctgggc 42O 

gcc.ca.gaaag aggc.cat cag ccc.ccctgat gcc.gc.ctctg. cc.gc.ccct ct gcggaccatc 48O 

accgc.cgaca cctt.ccggala gctgttc.cgg gtgtacagca act tcc ticg gggcaa.gctg 54 O 

aagctgtaca ccggcgaggc ctg.ccggacc gg.cgatcgct ga 582 

<21 Os SEQ ID NO 2 
&211s LENGTH: 645 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: optimized variation of human IFN alpha 2b 

<4 OOs SEQUENCE: 2 

ggcgc.gc.cala gCttgcatgc ctgcaggtog actictagact gc catggc.cc tacct tcgc 60 

Cctgctggtg gC cct gctgg tectgtc.ct g caagagcagc tigcagcgtgg gctg.cgacct 12O 

gcc ccagacic cacagcctgg gCagc.cggcg gaccCtgatg Ctgctggcc C agatgcggcg 18O 

gat cagcctg. itt cagctgcc taaggaccg gCacgacttic ggct tcc.ccc aggalagagtt 24 O 

cggcaac cag titccaga agg cc.gagac cat coccgtgctg. cacgagatga to cagcagat 3 OO 
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- Continued 

attctacact galactic tacc agcagctgaa tacctggala gcctgtgtga tacagggggt 42O 

gggggtgaca gagact cocc tatgaagga ggact coatt Ctggctgttga ggaaatactt 48O 

cCaaagaatc actictotatic taaagagaa gaaatacagc ccttgttgcct gggaggttgt 54 O 

cagagcagaa at catgagat citttittctitt gtcaacaaac ttgcaagaaa gtttalagaag 6OO 

taaggaatga ggat.ccc.cgg gtaccgagct caatt Ctta attaa 645 

<210s, SEQ ID NO 9 
&211s LENGTH: 188 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 9 

Met Ala Lieu. Thir Phe Ala Lieu. Lieu Val Ala Lieu. Lieu Val Lieu. Ser Cys 
1. 5 1O 15 

Lys Ser Ser Cys Ser Val Gly Cys Asp Leu Pro Gln Thr His Ser Lieu. 
2O 25 3O 

Gly Ser Arg Arg Thr Lieu Met Lieu. Lieu Ala Glin Met Arg Arg Ile Ser 
35 4 O 45 

Lieu. Phe Ser Cys Lieu Lys Asp Arg His Asp Phe Gly Phe Pro Glin Glu 
SO 55 6 O 

Glu Phe Gly Asn Glin Phe Gln Lys Ala Glu Thir Ile Pro Val Lieu. His 
65 70 7s 8O 

Glu Met Ile Glin Glin Ile Phe Asn Lieu Phe Ser Thr Lys Asp Ser Ser 
85 90 95 

Ala Ala Trp Asp Glu Thir Lieu. Lieu. Asp Llys Phe Tyr Thr Glu Lieu. Tyr 
1OO 105 11 O 

Glin Glin Lieu. Asn Asp Lieu. Glu Ala Cys Val Ile Glin Gly Val Gly Val 
115 12 O 125 

Thr Glu Thr Pro Lieu Met Lys Glu Asp Ser Ile Lieu Ala Val Arg Llys 
13 O 135 14 O 

Tyr Phe Glin Arg Ile Thr Lieu. Tyr Lieu Lys Glu Lys Llys Tyr Ser Pro 
145 150 155 160 

Cys Ala Trp Glu Val Val Arg Ala Glu Ile Met Arg Ser Phe Ser Lieu. 
1.65 17O 17s 

Ser Thr Asn Lieu. Glin Glu Ser Lieu. Arg Ser Lys Glu 
18O 185 

<210s, SEQ ID NO 10 
&211s LENGTH: 193 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 10 

Met Gly Val His Glu. Cys Pro Ala Trp Lieu. Trp Lieu. Lieu. Lieu. Ser Lieu. 
1. 5 1O 15 

Lieu. Ser Lieu Pro Lieu. Gly Lieu Pro Val Lieu. Gly Ala Pro Pro Arg Lieu. 
2O 25 3O 

Ile Cys Asp Ser Arg Val Lieu. Glu Arg Tyr Lieu. Lieu. Glu Ala Lys Glu 
35 4 O 45 

Ala Glu Asn. Ile Thir Thr Gly Cys Ala Glu. His Cys Ser Lieu. Asn. Glu 
SO 55 6 O 

Asn. Ile Thr Val Pro Asp Thr Llys Val Asin Phe Tyr Ala Trp Lys Arg 
65 70 7s 8O 
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<210s, SEQ ID NO 13 
&211s LENGTH: 23 O 
&212s. TYPE: DNA 
<213> ORGANISM: Simian virus 40 

<4 OOs, SEQUENCE: 13 

ggat.ccc.cgg gtaccgagct caattctitt gtagaggttt 

ccacacct co ccctgaacct gaalacatalaa atgaatgcaa. 

attgcagott ataatggitta caaataaag.c aatagoatca 

tttittitt cac togcattctag ttgtggtttgtccaaactica 
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tacttgctitt 

ttgttgttgt 

Calaattt CaC 

t caatgitatic 

<210s, SEQ ID NO 14 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: multiple cloning sites 

<4 OOs, SEQUENCE: 14 

ggcgc.gc.cct cagctagoc C 

<210s, SEQ ID NO 15 
&211s LENGTH: 35 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: multiple cloning sites 

<4 OOs, SEQUENCE: 15 

aagcttgcat gcctgcaggt cactictaga Ctgcc 

What is claimed is: 
1. A method of treating anemia in a human Subject in need 

over a Sustained time period comprising the steps of 
a. providing at least one genetically modified micro-organ 

that expresses and secretes erythropoietin, said micro 
organ comprising a helper-dependent adenovirus vector 
comprising a nucleic acid sequence encoding erythro 
poietin operably linked to one or more regulatory 
sequences, wherein said nucleic acid encoding erythro 
poietin operably linked to one or more regulatory 
sequences comprises SEQID No. 11; 

b. determining erythropoietin secretion levels of said at 
least one genetically modified micro-organ in vitro: 

c. implanting said at least one genetically modified micro 
organ in said human Subject at an effective dosage; and 

d. measuring hemoglobin levels in the blood of said Sub 
ject; 

wherein the measured hemoglobin levels in said subject are 
maintained at 9-11 g/dl in at least 50% of the measurements 
for at least one month. 

2. The method of claim 1, wherein said at least one geneti 
cally modified micro-organ is a genetically modified dermal 
micro-organ. 

3. The method of claim 1, wherein said effective dosage is 
18-150U erythropoietin/Kg body weight of said subject/day. 

4. The method of claim 3, wherein said effective dosage is 
18-30 Uerythropoietin/Kg body weight of said subject/day. 

5. The method of claim 3, wherein said effective dosage is 
30-50 U erythropoietin/Kg body weight of said subject/day. 

aaaaaacct C 6 O 

taacttgttt 12 O 

aaataaag.ca 18O 

23 O 

21 

35 

6. The method of claim 3, wherein said effective dosage is 
50-65 Uerythropoietin/Kg body weight of said subject/day. 

7. The method of claim 3, wherein said effective dosage is 
determined based on: 

a. Said subjects weight; 
b. said subjects historical hemoglobin levels; and 
c. the average amount of erythropoietin administered to 

said Subject in the one month prior said implanting step. 
8. The method of claim 1, wherein said measured hemo 

globin levels are 9-11 g/dl in at least 50% of the measure 
ments for at least six months. 

9. The method of claim 1, further comprising a step of 
implanting at a later date to said subject, at least one addi 
tional genetically modified micro-organ that expresses and 
secretes erythropoietin, said micro-organ comprising a 
helper-dependent adenovirus vector comprising a nucleic 
acid sequence encoding erythropoietin operably linked to one 
or more regulatory sequences. 

10. The method of claim 9, wherein said nucleic acid 
encoding erythropoietin operably linked to one or more regu 
latory sequences comprises SEQID No. 11. 

11. The method of claim 1, further comprising a step of 
maintaining said at least one genetically modified micro 
organ in vitro for at least 9 days, prior to said implantation 
step. 

12. The method of claim 1, wherein said implanting is 
Subcutaneous or intradermal or Subdermal. 

13. The method of claim 1, wherein said subject is selected 
from a group consisting of: 
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a. a Subject Suffering from: renal failure, chronic renal 
failure, chemotherapy induced anemia, anemia as a 
result of HIV treatments, microangiopathic haemolytic 
anemia, anemia as a result of prematurity, an inflamma 
tory condition including rheumatoid arthritis, an infec 
tion, anemia associated with cancers including multiple 
myeloma and non-Hodgkin lymphoma, hematopoietic 
stem cell disorders, sickle cell anemia or thalassemia; 
and 
a subject in need of accelerated erythroid repopulation 
after bone marrow transplantation; 

or any combination thereof. 
14. The method of claim 13, wherein said subject suffering 

from chronic renal failure is suffering from chronic kidney 
disease (CKD) or end stage renal disease (ESRD). 

15. A method of increasing or maintaining physiological 
hemoglobin levels in a human Subject over a sustained period 
of time comprising the steps of: 

a. providing at least one genetically modified micro-organ 
that expresses and secretes erythropoietin, said micro 
organ comprising a helper-dependent adenovirus vector 
comprising a nucleic acid sequence encoding erythro 
poietin operably linked to one or more regulatory 
sequences, wherein said nucleic acid encoding erythro 

b. 
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poietin operably linked to one or more regulatory 
sequences comprises SEQID No. 11; 

b. determining erythropoietin Secretion levels of said at 
least one genetically modified micro-organ in vitro: 

c. implanting said at least one genetically modified micro 
organ in said Subject at an effective dosage; and 

d. measuring hemoglobin levels in the blood of said Sub 
ject, 

wherein said increased or maintained physiological hemoglo 
bin levels in said subjectare maintained at 9-11 g/dlin at least 
50% of the measurements for at least one month. 

16. The method of claim 15, wherein said at least one 
genetically modified micro-organ is a genetically modified 
dermal micro-organ. 

17. The method of claim 15, wherein said effective dosage 
is 18-150 U erythropoietin/Kg body weight of said subject/ 
day. 

18. The method of claim 17, wherein said effective dosage 
is 18-30 Uerythropoietin/Kg body weight of said subject/day. 

19. The method of claim 17, wherein said effective dosage 
is 30-50U erythropoietin/Kg body weight of said subject/day. 

20. The method of claim 17, wherein said effective dosage 
is 50-65 Uerythropoietin/Kg body weight of said subject/day. 

k k k k k 


